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Abstract 
This study, a narrative inquiry into the teaching of models and modeling in an elementary 
science classroom, explores a teacher’s growth in pedagogical content knowledge (PCK) as she 
implemented a novel curriculum adapted from the MoDeLS (Modeling Designs for the Learning 
of Science) project. The purpose of the study was to explore, from the teacher’s point of view, 
the pedagogical and conceptual changes she underwent while implementing a model-based 
approach in her classroom. The study summarizes the teacher’s experiences, her decisions about 
teaching, her understanding of how her choices and practices influenced her content knowledge 
(CK), her PCK, and her motivations for changing her teaching.  
The following research questions and issues were addressed: 1) How did an elementary 
teacher develop and reconstruct her PCK and CK as she engaged in modeling practices? a) What 
aspects of models were incorporated into the teacher’s practices? b) What aspects of the 
teacher’s practices were changed? c) What modeling practices suggested by the project were 
developed? 2) What modeling practices were perceived as challenging for the teacher? 3) What 
factors influenced the teacher’s development of PCK?  
Three lines of work informed this research: first, work centering on the literature linked 
to educational reform as an area of research, and, more specifically, the work related to the 
inclusion of modeling as a new understanding within current curricula; second, work related to 
models and methodologies for portraying PCK; and, third, research centered on the frameworks 
associated with narrative as a research methodology.  
During the three years of the project I collected data from four science units (Astronomy, 
Animal Science, Electricity, and Light). Each of the units were observed and videotaped and Ms. 
Delaney (pseudonym), the classroom teacher, audio-recorded her practices every day. I observed 
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and analyzed classroom videotapes in order to explore how Ms. Delaney’s modeling practices 
unfolded and changed in her classroom and how her PCK on modeling developed. I analyzed 
professional development activities and informal interviews conducted during and after the units. 
Subsequently I interviewed Ms. Delaney about these issues using open-ended questions and 
video clips of her classroom practices. Three aspects of models and modeling expressed in the 
MoDeLS project were taken into account as I developed categories of analysis: a) models have 
purpose; b) models have limitations; and c) models change. These categories and the codes 
proposed were revised and refined while analyzing the data. 
The findings from the interview analyses and the classroom practices showed that Ms. 
Delaney developed new CK around models and modeling throughout the three years she was 
involved in the project. She adapted some of the proposed strategies from the MoDeLS project 
and adopted them in her curriculum in ways that were consistent with the project’s goals, thus 
shaping and adding to her PCK repertoire. Some activities were maintained through the years; in 
other cases there was a connection among CK development and her developing PCK. In all of 
these cases, there was a need for CK around modeling to be integrated into practice activities. 
However, her views and evaluation of the practice reflected a greater commitment to students’ 
learning than to aspects of modeling related to scientific content or metamodeling. The structure 
presented in the MoDeLS activities makes sense to her from the pedagogical perspective. This 
made her inclusion of modeling into the science practices easier.  
There were complex interactions among learning new CK, new PCK sets from other units 
she was teaching, and her existing PCK on specific topics not necessarily connected to the 
modeling approach. These interactions played an important role in how Ms. Delaney was able to 
transform her PCK. There were some elements that were easily acknowledged and tried in her 
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practice, while others were not reflected upon or included in her teaching. Whether some PCK 
elements were more or less included depended not only on Ms. Delaney’s CK, her conception of 
learning and her confidence, but also on the quality of the examples provided and her 
professional development support as well as students’ activities and learning situations.  
In conclusion all major PCK features were developed when Ms. Delaney integrated the 
modeling approach into her practice. Instrumental in shaping how her PCK grew were her 
advancement in CK comprehension and students’ responses to the proposed activities. The 
findings are consistent with the idea that PCK is complex and deeply interconnected. 
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Chapter 1:  
Overview of the Study 
This study, a narrative inquiry into a teacher’s growth in pedagogical content knowledge 
(PCK) around modeling in elementary science, emerged from the three years I was a participant-
observant in Ms. Delaney’s fourth/fifth-grade classroom. Drawing on Park and Oliver’s (2008) 
model of PCK development in science and the methodological recommendations for studying 
PCK outlined by Loughran, Mulhall, and Berry (2004), I portray various aspects of Ms. 
Delaney’s development of PCK as she taught novel curricula that were built around scientific 
modeling.  
The study uses modeling to portray the interactions between a novel content knowledge 
(CK) and a teacher’s developing PCK around modeling. Although modeling as a teaching 
practice is not yet widely included in science curricula, researchers have deemed model-based 
inquiry and modeling as necessary for learning science (Windschitl, Thompson, & Braaten, 
2008). In the most recent science education reform documents, modeling is highlighted as one of 
the key science practices for student learning (NRC, 2012, 2013). For example, the National 
Research Council (2012) suggests that:  
Curricula will need to stress the role of models explicitly and provide students with 
modeling tools (e.g., Model-It, agent-based modeling such as NetLogo, spreadsheet 
models), so that students come to value this core practice and develop a level of facility 
in constructing and applying appropriate models. (p. 59) 
It is expected that, as students’ modeling understanding develops, they will progress from 
using concrete to abstract representations to testing and refining models in iterative cycles where 
students compare models’ predictions with real-world phenomena, and data collected (NRC, 
2013).  
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However, researchers have acknowledged that incorporating scientific modeling in 
classroom practices places a high demand on teachers. Modeling requires the development of 
new PCK and the development of a different understanding of science and science teaching as 
well as changes in their classroom practices (Davis et al., 2008; Justi & van Driel, 2005; van 
Driel & Verloop, 2002). It seems that science teachers do not have the necessary CK, curricular 
knowledge, and PCK about models and modeling (e.g., Justi & van Driel, 2005) and only a 
limited understanding of students’ ideas about models and modeling (van Driel & Verloop, 
2002). Usually, when using teaching strategies that include models, a more traditional view of 
science is presented. For example, the use of descriptive models is dominant in science 
classrooms while using models for prediction is rare, and when model-based teaching is 
practiced, key scientific modeling processes are not included (Danusso, Testa, & Vicentini, 
2010). 
In this study, modeling is considered a novel curriculum. The teacher was not exposed to 
the modeling practices suggested by this approach before this study. It is within this framework 
that I explore, from the teacher’s perspective, the pedagogical and conceptual changes Ms. 
Delaney underwent as she implemented a modeling-based teaching approach in her classroom. 
The research provides evidence on how a teacher’s PCK evolved through the years while she 
engaged in learning new content. The goal of this study is to describe and summarize the 
teacher’s experiences, her decisions about teaching, her understanding of how her choices and 
practices influenced her CK and her PCK, and her motivations for changing her teaching.  
This study contributes to the understanding of modeling, science content, inquiry, and 
epistemology of science within the context of curriculum change. First, I seek to make a 
contribution to the understanding of modeling of science content by providing details of how a 
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teacher’s PCK changed as a model-based approach to teaching was integrated into the class. By 
telling the story of one teacher’s changes I wanted to paint a picture for other teachers, 
curriculum developers, and educators in general of the successes and struggles that are part of 
any journey of change. I hope that the study also has the potential to inform broader questions of 
teacher knowledge and knowledge change as well as add to the understanding of the relationship 
between the ideas associated with scientific modeling and the implementation of those ideas in 
classroom practices.  
The model of PCK development in science proposed by Park and Oliver (2008), the 
methodology proposed by Loughran et al. (2004), and narrative theory as described by Connelly 
and Clandinin (1986, 1988) were used for collecting, organizing, and analyzing the data. The 
teacher’s practices—including her ideas about how she learned the content, developed the 
modeling knowledge, modified her PCK, and implemented the modeling content in the 
classroom—are described through the lenses of Shulman’s (1986) notions of CK and PCK and 
Park and Oliver’s (2008) model of PCK development. The classroom videos used in the 
interviews were selected and analyzed based on the model of PCK proposed by Park and Oliver 
(2008) and Loughran et al. (2004).  
The following research questions and issues were addressed:  
1. How did an elementary teacher develop and reconstruct her PCK and CK as she engaged 
in modeling practices?  
a) What aspects of models were incorporated in the teacher’s practices?  
b) What aspects of the teacher’s practices were changed?  
c) What modeling practices suggested by the project were developed? 
2. What modeling practices were perceived as challenging for the teacher? 
3. What factors influenced the teacher’s PCK development? 
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The first question is concerned with the development of PCK and CK throughout the 
years and the path of PCK growth. I explored what models and modeling Ms. Delaney, an 
experienced teacher, integrated into her science practice over three years. In order to answer the 
question I documented what CK and PCK she mentioned and then connected them to the aspects 
of PCK observed in her teaching. To answer the second question I identified challenges and 
issues Ms. Delaney faced while integrating models and modeling in her practice. The third 
question is concerned with identifying factors that affected PCK development. 
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Chapter 2: 
Literature Review 
Changing any aspect of teaching, such as the content taught, the discourses used, and/or 
the roles played in the classroom are key to reform proposals. But change is complex and hard to 
accomplish. How a new curriculum material is used depends on many factors. Ball and Cohen 
(1996) suggested five areas that influence curriculum enactments. These include: (a) teachers’ 
ideas about students; (b) teachers’ understanding of the materials, their purpose, and content; (c) 
teachers' own knowledge and beliefs; (d) the characteristics and needs of the classroom and how 
students react as the curriculum is practiced; (e) and teachers' views about policies and the 
teachers’ community (p. 7).  
There are numerous examples across domains that provide insights into teachers’ 
decisions related to the implementation and use of new instructional materials. There are many 
studies that tell stories of teachers who, consciously or unconsciously, made changes in reform-
based materials to modify the purpose of the curriculum. However, researchers find that teachers 
usually address only superficial features of the reform (D. K. Cohen, 1990; Peterson, 1990; Price 
& Ball, 1997; Putman, 1992). Brown and Campione (1996) categorized the significant changes 
teachers make to the materials that deviate from the purpose of the reform as “lethal mutations.” 
Consequently, the goals of a reform are not achieved. In some cases, teachers believe they are 
implementing the reform and changing their practices.  
However, there are other studies that describe positive outcomes that successfully meet 
the goals of reform (Davenport, 2000; Schneider, Krajcik, & Blumenfeld, 2005; M. S. Smith, 
2000). Sometimes, primarily when materials are used for the first time, teachers closely follow 
the new curricula (Lloyd, 1999; Remillard & Bryans, 2004). In other situations, teachers adapt 
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the resources to their own classrooms, but still the goals of the reform are achieved (Davenport, 
2000; Sherin, 2002). McLaughlin (1987, 1990) suggested that curriculum enactments at local 
levels usually succeed because of teachers’ motivations to change their practice along with their 
ability to follow the reform suggestions. In summary, researchers have found that teachers’ 
enactments of key aspects of a new curriculum fall within a gradient from non-use to strict use of 
the materials, with many teachers settling on a middle ground where they supplement and add, 
replace some parts, and/or adapt the materials (Remillard, 2005; Remillard & Bryans, 2004; 
Schneider et al., 2005).  
In addition, extensive references can be found to teachers’ PCK growth in general and 
preservice teachers’ PCK development in particular. However, to this point, few studies provide 
results that connect experienced teachers’ PCK growth to the challenges in implementing new 
concepts and strategies. The focus of this study is to understand the process by which a teacher 
develops her knowledge of models and modeling, the problems she faces when applying the 
science curriculum in her practice, and how her PCK around modeling grows. With these goals 
in mind, I reviewed literature on PCK in both mathematics and science education. The literature 
was selected based on the theoretical frameworks around PCK development and empirical 
studies on the development of PCK and modeling. The review of literature focuses on the 
definition, conceptualizations, and the nature of PCK.  
 
The Construct of Pedagogical Content Knowledge  
The next section defines PCK and reviews the different conceptualizations of PCK. I 
introduce the current efforts to have a common ground for defining, researching, and developing 
PCK. After describing the understanding of PCK and how it has changed over time, the 
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following section discusses the ways in which PCK can be measured. In the last section, I 
discuss research and examples to show how PCK is developed and what type of materials and 
activities support its growth. 
Definitions and characteristics. Shulman (1986, 1987) suggested that teaching requires 
not only knowledge of the subject but also knowledge of how to teach the subject-matter to 
particular students in “real” classrooms. He proposed the term “pedagogical content knowledge” 
to identify this knowledge (Shulman, 1986):  
The blending of content and pedagogy into an understanding of how particular topics, 
problems, or issues are organized, represented, and adapted to the diverse interests and 
abilities of learners, and presented for instruction. (p. 8)  
Shulman (1986) described seven types of knowledge teachers draw on when planning and 
teaching: knowledge of subject matter; knowledge of curriculum; knowledge of learners; 
knowledge of educational aims; knowledge of educational context; pedagogical content 
knowledge; and general pedagogical knowledge. In his model, Shulman (1987) placed PCK at 
the same level as the other categories of teachers’ knowledge. Subsequently PCK began to be 
regarded as an essential part of teachers’ professional development. It was included, for example, 
as part of the National Science Education Standards (National Research Council, 1996). In this 
document PCK was defined as:  
[The] special understandings and abilities that integrate teachers’ knowledge of science 
content, curriculum, learning, teaching and students, allowing science teachers to tailor 
situations to the needs of individuals and groups. ( p. 62)  
In the past decades, numerous scholars have developed Shulman’s original construct: 
adopting a broader definition of PCK, adding other categories to the concept of PCK, or 
changing the hierarchy of components (see Lederman & Gess-Newsome, 1999; Magnusson, 
Krajcik, & Borko, 1999; Marks, 1990; Marquez, Izquierdo, & Espinet, 2006; van Driel, Verloop, 
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& de Vos, 1998; Veal & MaKinster, 1999). In the following I discuss some of the models and 
conceptualizations of PCK.  
PCK models. Interpretations of PCK differ, particularly the definitions of its components 
and how they relate to each other and other teacher knowledge. Lee and Luft (2008) compared 
several researchers’ conceptualizations of PCK and models of PCK (see Table 1). Of the eight 
categories listed, only two were identified as common to all definitions of PCK: “Knowledge of 
representation and instructional strategies” and “knowledge of students learning and 
conceptions.” Some of the other PCK categories were not explicit in the conceptualizations of 
PCK or were described as a category of teacher-based knowledge but not as PCK. From the 
components most commonly identified as part of PCK the authors did not present a consistent 
definition of how to characterize them (see Carlsen, 1999; Fernandez-Balboa & Stiehl, 1995; 
Grossman, 1990; Loughran, Milroy, Berry, Gunstone, & Mulhall, 2001; Magnusson et al., 1999; 
Marks, 1990; Shulman, 1987; Tamir, 1988).  
Theoretical models of PCK have usually been inspired by Shulman’s initial construct. 
Frequently, these models proposed new ways of organizing the PCK components or have 
introduced new terms to name them. Carlsen’s (1999) understanding of PCK described it as the 
merger of two sources: general pedagogy and subject knowledge. According to this model PCK 
is unique to individual teachers; its development connects to specific students and classroom 
characteristics and the larger context of the school, state, and national teaching communities.  
Marks (1990), after concluding a study of fifth-grade math teachers, proposed a model to 
portray PCK. He identified PCK as a construction of different types of knowledge. According to 
his model these kinds of knowledge were highly interconnected. Consequently, it was difficult to 
9 
 
separate general pedagogical knowledge and subject-matter knowledge from PCK. Marks’s 
model (1990) presented PCK as an integrative construct and acknowledged its complexity.  
Grossman (1990) identified four major areas of teachers’ knowledge. In her model, PCK 
is at the center interconnecting with three other areas of knowledge: subject-matter knowledge, 
general pedagogical knowledge, and knowledge of the context. Each of these categories of 
teacher knowledge is composed from other knowledge or subcomponents. For example, general 
pedagogical knowledge includes knowledge of and skills for classroom management, knowledge 
about learners, knowledge of principles of instruction, and knowledge and beliefs about the aims 
and purposes of education. Grossman considered the development of subject-matter knowledge 
essential to PCK. 
Considering the understanding and features of PCK, Gess-Newsome (1999) presented 
two models for PCK: integrative and a transformative. In the integrative model, teachers 
“integrate” PCK into their knowledge of the areas of pedagogy, context, and subject matter. In 
this case, these three knowledge-based areas exist independent from one another. In the 
transformative model all of these knowledge-based areas are bound and transformed into a 
practice. In this model PCK is a unique category of teaching-based knowledge. Both models 
consider the categories of “knowledge of subject matter,” “instructional strategies,” and 
“understanding of students’ conceptions and difficulties” as key parts of PCK. Gess-Newsome’s 
(1999) two types of models can be identified within the framework of PCK and the research 
models proposed by different authors. Marks (1990), Loughran et al. (2004) and van Driel, 
Verloop, & de Vos (1998) can be considered integrative models.  
Building on Tamir’s (1988) and Grossman’s (1990) models, Magnusson, Krajcik and 
Borko (1999) proposed a transformative model of PCK for science teachers. Their model 
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identifies five components: “orientations toward science teaching, knowledge and beliefs about 
science curriculum, knowledge and beliefs about students’ understanding of specific science 
topics, knowledge and beliefs about assessment in science, and knowledge and beliefs about 
instructional strategies for teaching science” (p. 97). Each of the components integrated sub-
components.  
The study of PCK presents difficulties. Few investigations take a holistic approach to 
their goals in PCK research. For example, most research focuses on the study of some but not all 
features of PCK. However, Park and Oliver (2008) proposed a holistic approach for exploring all 
components of PCK and how they interact with one another and with CK in a transformative 
model. They proposed a six-component model of PCK for science teaching. They initially 
included the following components: Orientations to science teaching; knowledge of students’ 
understanding in science; knowledge of science curriculum; knowledge of instructional strategies 
and representations for teaching science; and knowledge of assessments of science learning. The 
sixth component, “teacher efficacy,” was added later. Park and Oliver used their hexagon model 
and each of the components as categories of analysis to identify patterns in the development in 
three high-school chemistry teachers. As indicated in Chapter 4, a modified version of this model 
was used in this study.  
In 2012, in an effort to come to a consensus in the conceptualization and nature of PCK, 
researchers known to focus on the study of PCK within science education participated in a 
Summit sponsored by BSCS. In the concluding report from the meeting, PCK was characterized 
as: “Knowledge of, reasoning behind, and planning for teaching a particular topic in a particular 
way for a particular purpose to particular students for enhanced student outcomes.” And “the act 
of teaching a particular topic in a particular way for a particular purpose to particular students for 
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enhanced students’ outcomes” (Gess‐Newsome & Carlson, 2013, p. 7). Within this definition 
both planning and teaching are considered as parts of PCK, and it is assumed that PCK is 
personal, topic-specific, requires reflection in and on action, and is acquired through classroom 
experience (Gess‐Newsome & Carlson, 2013).  
The authors in the Summit considered PCK as a feature within a model of teacher 
professional knowledge (Gess-Newsome & Carlson, 2013). In this model PCK is situated within 
the context of classroom practice. Some features of PCK are implicit in the definition and Gess-
Newsome’s (1999) model for analyzing PCK is mentioned. However, there is no identification 
of the categories of knowledge that are components of PCK. In the next part I describe Gess-
Newsome’s model (1999) and some of the other models proposed for identifying the main 
features of PCK.  
Gess-Newsome and Carlsen (2013) have acknowledged difficulties in clearly defining 
and identifying the features of PCK and how to approach its study. Although disagreements 
within PCK research exist, all researchers agree that PCK is a type of knowledge held by 
teachers; it is experiential, and developed in the context of classroom practice. Some of these 
divergences and current assumptions around PCK are discussed in the following section where I 
present my position on these key points that characterize PCK. 
Assumptions about PCK. Most authors suggest that the development of PCK is 
recognized and related to classroom practices and experiences (Baxter & Lederman, 1999; 
Clermont, Borko, & Krajcik, 1994; Magnusson et al., 1999; van Driel et al., 1998). In addition, 
researchers believe that PCK develops through an integrative process and that teachers’ PCK 
changes with experience as well as different types of professional development (Gess-Newsome, 
1999; Grossman, 1990; Magnusson et al., 1999; van Driel & Verloop, 2002).  
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Based on these understandings about the nature of PCK, I make the following 
assumptions. PCK is personal—teachers with similar backgrounds and characteristics might 
possess different PCK features. It is a recognizable attribute of teachers and can be evidenced in 
their planning and teaching practices. PCK evolves and changes through time, although 
experience alone is not enough to transform teachers’ PCK. Some interventions, through 
professional development and/or educative materials and teachers’ reflection about their 
practices are essential for PCK growth.  
Much has been written about the significance of PCK for teaching and about the 
development of different aspects of PCK. In most of the studies investigators have found that 
teachers’ knowledge, content knowledge (CK) in particular, shapes and constrains how teachers 
approach the teaching of the subject (Ball & Cohen, 1996; Borko et al., 1992; Grossman, 1990). 
Nevertheless, little is known about how PCK and CK connect and develop, or how each 
influences the other’s development.  
Researchers recognize CK and pedagogy as important aspects for PCK growth. However, 
when analyzing aspects of PCK and CK, studies are not consistent in their results. Some research 
concludes that CK has to develop prior to PCK development. In this case, subject-matter 
knowledge is a requirement for the development of PCK and a thorough understanding of subject 
matter makes PCK possible. For example, Smith and Neale (1989) saw conceptual understanding 
of the content as a prerequisite for the development of PCK. In some cases, the development of 
pedagogical knowledge is also related to CK and PCK growth. Clermont et al. (1994) contended 
that teachers are not ready to implement their subject-matter knowledge until they have mastered 
general classroom skills. In other research, there is no clear connection between CK and PCK. 
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Yet another body of research finds that PCK and CK can develop together: PCK increases when 
CK increases (Baumert et al., 2010; Kleickmann et al., 2013).  
Summarizing the findings from these studies, it seems that the mastery of the subject 
matter is an essential prerequisite to the development of PCK. Teaching experience and a general 
pedagogical knowledge (PK) contribute to and support the rapid development of PCK. And it 
appears that a wide-ranging general PK repertoire is crucial for PCK growth. However, none of 
the cited studies indicate how science teachers relate their subject-matter knowledge to PCK 
growth.  
Another question on which scholars are seeking a consensus is how PCK should be 
measured and assessed. Although most researchers agree that PCK is topic-specific (Baxter & 
Lederman, 1999; Veal & MaKinster, 1999), much discussion is needed on whether to measure 
PCK at the topic or domain levels and what this means for the understanding of how PCK 
develops. For the purpose of this study, I considered that PCK can develop along domains and 
that it requires measurement at both the topic and the domain levels.  
Following the above considerations about PCK and the assumptions around its nature and 
context, I view PCK as a specific type of knowledge teachers integrate from other types of 
knowledge, including subject-matter knowledge and strategies of a particular topic, PK, and 
knowledge of the context. My model is transformative: PCK is the knowledge teachers transform 
and employ in order to work effectively and flexibly in the classroom. PCK is dynamic and more 
than the sum of its parts. Teachers’ growth of PCK develops from their own teaching practices as 
well as from other professional activities. This agrees with the claim of Magnusson et al. that 
“effective teachers need to develop knowledge with respect to all of the aspects of pedagogical 
content knowledge, and with respect to all of the topics they teach” (1999, p. 115). In the next 
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section I present examples from the literature related to PCK development in in-service science 
teachers.  
 
PCK Development 
In the field of science education, most research on PCK growth has concentrated on 
preservice teachers (Magnusson et al., 1999; van Driel, De Jong, & Verloop, 2002; van Driel et 
al., 1998). Few empirical studies have been conducted with experienced teachers and within the 
context of science and education reform, where teachers are encouraged to use different teaching 
approaches and/or are required to learn and teach new topics outside their areas of expertise. 
Next, I discuss some recent studies in the area of mathematics and science education that provide 
empirical evidence on in-service teachers’ PCK understanding and development.  
For in-service teachers, there have been studies focusing on comparing groups of 
teachers’ understanding of PCK or teachers’ PCK within a domain and/or topic. Other research 
described the development of teachers’ PCK as a result of some professional development 
activity, usually a workshop. Another line of research aims to understand the changes in 
teachers’ PCK while implementing educative curriculum or educational reform materials. Next, I 
describe the results of each kind of study.  
 Initially, small-scale and mostly qualitative studies described teachers’ PCK. Lee and 
Luft (2008) asked four experienced mentor teachers who were participating in a mentoring 
program for their views on PCK. This research was conducted for a period of two years and used 
a case-study method. Teachers’ lesson plans and reflective summaries were collected, and 
classroom observations and interviews conducted. The authors found teachers were consistent in 
their identification and descriptions of the components included in their conceptualization of 
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PCK. The essential components of PCK mentioned were: knowledge of content, knowledge of 
goals, and knowledge of students. Lee and Luft (2008) also found that teachers had a different 
form of PCK that develops over time. They suggest that different periods in teachers’ careers 
might influence the types of PCK they held. No other research was found where teachers 
described their own representations of PCK. The next set of studies portrayed teachers’ PCK 
development. These investigations were conducted within a topic-specific domain.  
Clermont, Borko and Krajcik (1994) compared experienced and novice teachers’ PCK 
development while teaching chemical demonstrations. The authors concluded that experienced 
teachers have more strategies and use them with more flexibility when demonstrating a particular 
topic. These PCK characteristics allowed experienced teachers to relate better to students’ 
learning.  
Park and Oliver (2008), after analyzing teacher practices and comparing them with 
interviews and field notes, found that five features impacted teachers’ PCK development. 
Teachers enhanced and/or developed PCK as result of reflection of their practice. The teachers’ 
perceptions on their skills to competently apply teaching strategies influenced the teachers’ 
willingness to try new strategies. Teachers’ understanding of students’ misconceptions shaped 
their planning and the type of activities and assessment they selected. PCK development was 
influenced by students’ behavior: student questions, responses, and learning were major factors 
in shaping PCK development.  
Van Driel, Verloop, and De Vos (1998) also worked with chemistry teachers. In their 
study they reviewed in-service teachers’ PCK development in relation to a specific chemistry 
topic before and after participation in a workshop. The purpose of their research was to 
understand how these teachers related their understanding of chemical equilibrium to their 
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development of PCK, in particular to the aspects related to students’ understanding of the topic. 
Van Driel, Verloop, and De Vos report results concerning teachers’ PCK prior to participating in 
the workshop and how their PCK changed during the workshop and while implementing the 
topic in their classrooms. They found that, when implementing the topic in the classroom, 
teachers succeeded in using strategies related to students’ understanding. Usually, teachers were 
able to challenge students’ understanding and urge students to explain chemical equilibrium in 
depth after they discussed results from classroom teacher–student dialogues that evidenced the 
difficulties students had in comprehending the topic.  
Sanders et al. (1993) followed experienced high school science teachers when teaching a 
concept in and outside their area of expertise. They concluded that teachers had a limited PCK at 
the beginning of the experience and they had to learn the topic as well as the PCK specific to the 
new content. However, experienced teachers were able to quickly adapt and learn the new 
content and teaching strategies by relying on their previous and general PK. PK provided a 
framework and helped teachers with classroom management skills, maintaining the “flow” in the 
class.  
Cohen and Yarden (2009) investigated Israeli junior-high school teachers’ PCK 
development around a curricular change mandated by the Ministry of Education. In this case, the 
subject matter was familiar to the teachers but the teaching approach was new. The new 
curriculum guideline about teaching the cell and other related topics longitudinally required 
teachers to rethink their CK and teaching of the concept of the cell and other biological topics. 
The new recommendations required teachers to change their teaching approaches, shift their 
ways of thinking about the subject matter and instructional strategies and, as such, entailed the 
development of PCK appropriate to the reform goals. The authors drew on the five components 
17 
 
of PCK of Magnusson et al. (1999) to analyze their teachers’ PCK around the topic of the cell as 
well as the macro-micro relations to other biological topics. The paper found that teachers 
believed teaching the cell topic to junior-high students is very important. However, the teachers 
in the study also had concerns about students’ difficulties in understanding the topic; 
consequently, their beliefs influenced their classroom practices and they spent less time teaching 
the topic. R. Cohen and Yarden (2009) concluded that representations of the subject matter, 
instructional strategies consistent with these representations, and the understanding of students’ 
learning abilities and conceptions are the keys to teachers’ conceptualization of PCK.  
Other research, mostly in the field of mathematics education, has looked at the discourse 
of the classroom and how PCK was developed among teachers. For example, Doerr and English 
(2006) examined how two middle-grades teachers developed their mathematical CK and PCK as 
they implemented a novel problem-solving activity in their classroom. Their analysis suggested 
that teachers developed understanding of mathematics CK and new teaching strategies while 
engaging in the practice.  
Davies and Walker (2005) followed eight mathematics teachers for a year. The purpose 
of their research was to investigate how teachers transformed and adapted their teaching and 
what these teachers learned about PCK and CK in the act of teaching. The teachers viewed and 
analyzed videos provided by the researchers from episodes in their own classrooms. The video 
analysis was focused on the ideas children raised and how the teachers responded to them. The 
study looked for indicators on what and how did teachers “learn to notice,” and what effect 
“learning to notice” had on the development of teachers’ mathematics understanding and 
teaching. Davies and Walker (2005) found that early in the year, teachers tended to focus on 
procedural math and children’s behaviors when analyzing the videos. As the year progressed, 
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they were able to identify and analyze significant mathematical moments. They were more aware 
of students’ questioning and the types of questions teachers asked, resulting in their use of fewer 
directive questions. Based on these results Davies and Walker (2005) suggested that a lack of 
depth in CK leads to the inability to notice, and a failure to adapt to, ideas raised by students and 
incorporate them into their teaching. 
From the literature in science education and PCK, I found few studies of PCK growth 
among experienced teachers. Some of the studies focused on expert chemistry and mathematics 
teachers’ PCK development while teaching unfamiliar topics. Authors addressing both science 
and mathematics education seemed to conclude that teachers’ understanding of subject 
knowledge is a prerequisite to PCK development. But it also appears that knowledge of general 
pedagogical strategies in combination with teaching experience constitutes a framework that 
supports the speedy development of PCK.  
Furthermore, PCK is considered to develop on a continuum. But it is only recently that a 
learning progression on PCK development has been proposed as a framework to guide the 
understanding of teachers’ PCK growth. Schneider and Plasman (2011) analyzed research on 
science teachers’ PCK to identify sequences of teachers’ knowledge development. Their analysis 
revealed learning progressions for all key components of PCK models. The authors found that 
the thinking of learners, then the practice of teaching, and later accommodating ideas on PCK 
based on reflection were the key aspects of teachers’ learning progression of PCK.  
In conclusion: none of the research seems to focus on understanding teachers’ intentions 
and/or to narrate PCK growth from the teachers’ point of view. Schneider and Plasman (2011) 
also found few studies focusing on experienced teachers’ PCK development and professional 
development activities oriented to this group of teachers (see Henze, van Driel, & Verloop, 2008; 
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Schneider & Plasman, 2011). The absence of studies on experienced teachers’ development of 
PCK in relation to “new” areas of science and the lack of empirical research in respect to the 
connections between PCK development and the understanding of new CK and the development 
of current views on nature of science motivated this study.  
 
Model-based Approaches and PCK 
Several studies have suggested that teachers have limited experiences with modeling. 
They lack a conceptual understanding of model-based teaching, they are not aware of how 
models are used in different scientific disciplines, and they do not have high-quality curriculum 
resources that can support modeling (Harrison & Treagust, 2000; Justi & Gilbert, 2000). 
Teachers usually stress the descriptive value of models, but the limitations of models are rarely 
mentioned (Justi, 2003; van Driel & Verloop, 1999). Moreover, teachers do not perceive models 
as research tools that make it possible to obtain information about a target or to teach about the 
nature of science (Harrison & Treagust, 2000; Justi & Gilbert, 2000).  
Following the above results, for the purposes of this study I consider models and 
modeling to be a topic that is unfamiliar to teachers. Teaching within a modeling approach is 
also generally different from what teachers have done in the past. It makes additional demands 
and often requires learning of both new scientific topics and new pedagogical approaches. The 
complexity of modeling requires learning, and learning from experience, on the part of teachers 
and calls for adaptation as they use the materials.  
However, few investigations have been conducted on teachers’ conceptualizations of 
models and modeling and the development of the PCK related to model-based teaching (Henze, 
van Driel, & Verloop, 2007a; Justi, 2003; van Driel & Verloop, 1999). These few studies found 
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that experienced science teachers share the general conception that a model is a simplified 
representation of reality. When teachers were asked about the functions and characteristics of 
models, few were mentioned. Teachers did not perceive models as research tools that lead to 
securing different kinds of information about the target. The studies report that teachers rarely 
make explicit the type of models they are using in the classroom. They usually stress the 
descriptive value of models but the limitations of models are rarely mentioned (Justi, 2003; van 
Driel & Verloop, 1999).  
There are a few examples where PCK is analyzed within the framework of teaching 
modeling. In most of these cases, the research focuses on preservice teachers. Usually the 
research analyzes practices and strategies that support preservice teachers in developing an 
understanding of modeling (see Kenyon, Davis, & Hug, 2011; Schwarz & Gwekwerere, 2007; 
Schwarz, Meyer, & Sharma, 2007; Teo & Hug, 2009). However, France (2000) suggested that 
teachers’ PCK is often not well enough developed to work effectively within a model-based 
approach. Teachers lack the knowledge of modeling necessary to help students determine 
relationships between their prior knowledge and the scientific concepts introduced within the 
modeling approach.  
Henze, van Driel, and Verloop (2008) provide one study focusing on experienced 
teachers. These authors investigated how nine experienced teachers grew their PCK repertoire in 
the first three years of teaching a new model-based curriculum. Their study focused on the 
teachers’ development of PCK through time and within the topic of “Models of the Solar System 
and the Universe.” These teachers adapted the activities to allow their students to develop their 
own models and implemented instructional strategies that pushed students’ understanding of 
nature of models.  
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Henze, van Driel, and Verloop (2008) presented their findings around PCK in four major 
aspects: knowledge about instructional strategies, knowledge about students’ understanding, 
knowledge about assessment of students, and knowledge about goals for including the topic in 
the curriculum. The study categorized teachers in two types based on whether teachers’ 
intentions concentrated on models as content (type A), or focused in addition on the nature of 
models (type B). Henze, van Driel, and Verloop (2008) reported that over time all teachers added 
to their initial knowledge. However, the path each group (type A or B) took in their development 
was quite different. Teachers labeled as type A confined their lessons to the teaching of the 
models in a traditional way, and gave little attention to students’ understanding and difficulties. 
On the other hand, teachers in group B developed knowledge of the nature of models as well as 
content about models and modeling. The exploratory nature of the study of Henze, van Driel, and 
Verloop provides an insight into how these teachers were able to add to their PCK; however, it 
seems the teachers held on to their epistemological views about models and those views 
determined the path they took in their learning. The study did not clearly indicate if there was a 
progression in understanding current views about modeling and science and if this progression 
influenced teachers’ changes in PCK.  
Summarizing: scientific modeling and model-based learning would seem to require 
teachers’ understanding and change in the classroom practices. These changes place high 
demands on teachers to develop an understanding of the epistemology of models and require 
teachers to reflect on their PCK. I expect this study to contribute and impact the field of science 
education and teaching. First, I believe that contributions to the understanding of modeling, 
science content, inquiry, and epistemology will be developed by providing details of how PCK 
changes when a modeling-based teaching approach is integrated into the curriculum. By 
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narrating the story of one teacher’s changes, I want to inform other teachers, curriculum 
developers, and educators in general of the successes and struggles that are part of any journey of 
change.  
 
Summary 
 PCK literature is abundant; however, what PCK refers to or means as a construct is not 
clear. PCK is seen as a contextual, personal kind of knowledge, and it does develop within the 
classroom practices and experiences in a continuum. Questions pertaining to PCK–CK 
relationships still persist, and questions about experienced teachers PCK development and PCK 
as a learning progression emerge. 
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Chapter 3: 
Content Knowledge. Models and Modeling 
My work originated in the development of PCK around models, modeling concepts, and 
the nature-of-science understandings. Thus, it is essential that I define and clarify the concepts of 
models and modeling as I use them here. These conceptions are often inconsistent. In addition, 
the understanding and implementation of modeling in the context of science education have 
distinctive connotations, depending on educational traditions and goals. In an attempt to clarify 
the terminology, I describe the meaning of models and modeling from a philosophical as well as 
an educational standpoint. In the following, I describe the aims and conceptualization of 
modeling proposed in the research project in which Ms. Delaney participated.  
 
Overview of Model-based Approach Use in Science 
The study of scientific models, how scientists view the role of models, and the 
development of model-based ideas of scientific practices began to take center-stage in the 
philosophy of science in the early 1950s (Morrison & Morgan, 1999). However, philosophical 
ideas about models and modeling are diverse. At present, more authors are shifting away from a 
focus on theories to recognize model-based views as central to the nature of science (Halloun, 
2006). Model-based views assert the importance of the construction and testing of models as an 
essential part of the practice of science. From this perspective, it is through the use of models and 
modeling that theories are tested and explained. Models provide the link between theory and 
experiments. Hence, progress in science emerges when answering questions generated by models 
(Hesse, 1966).  
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There are many definitions and descriptions of scientific models and modeling. Oh and 
Oh (2011), in their overview of the topic, identified four subtopics related to the nature of 
models: the meaning of models, the purpose of modeling, the multiplicity of scientific models, 
changes in scientific models and modeling, and one subtopic related to the use of modeling in 
education. I use these five subtopics to characterize current philosophical and educational model-
based views.  
What is a scientific model? There are many definitions and descriptions of scientific 
models (Bailer-Jones, 2002; J. K. Gilbert, Pietrocola, Zylbersztajn, & Franco, 2000; Van Der 
Valk, Van Driel, & De Vos, 2007). Philosophers have argued that it is impossible to have a 
single definition of models because scientists use them in different ways (Apostel, 1961). 
Generally, models are considered simplified representations of reality. A model usually provides 
non-linguistic visual information about its target. The term “representation” is commonly used to 
define what a model is. For example, Halloun (2006) defined a model as a partial representation 
of a specific pattern in the real world.  
How “representation” is understood is the key to the current debate about models. Models 
are commonly understood in relation to the objects and concepts that they represent, their 
relation with theories and scientific development, and their functions or pragmatic roles. Some 
authors identify models in terms of their characteristics. For example, Marquez, Izquierdo, and 
Espinet (2006) explain models in terms of their parts, casual components, and relation to the 
target. Other philosophers describe models in terms of their relation to theory and data (see 
Bailer-Jones, 2003; Morrison & Morgan, 1999; Nersessian, 2008). Hutten (1954) viewed models 
as connecting theoretical statements and the real-world targets they represent. He understood 
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scientific models as partial interpretations of theories. Similarly, Hesse (1953) and Halloun 
(2006) state the analogous nature in the relation between models, theories, and reality. 
Considering their pragmatic role, different types of models are categorized by their 
representational styles, for example, iconic models, idealized models, analogical models, 
phenomenological models, models of data, and models of theory. Iconic models are naturalistic 
replicas or scaled (enlarged or down-sized) copies that represent the target. They can also be one 
group of organisms that represent the species to which they belong. Idealized models refer to 
deliberate simplifications that represent a set of properties found in the target. Models that 
present deliberate distortions or assumptions that are not present in the target, such as 
populations studied in isolation, are also considered idealized models. Analogical models relate 
two things that have certain similarities between them, such as similar properties. In this case, 
scientific models are metaphors. Thus, there is an emphasis on the importance of analogies in 
model construction (Hesse, 1966).  
Although models are classified in various ways, there are certain properties that all 
models share as research tools used to study a target. Models rarely aim to describe a 
phenomenon in its entirety, they are not an exact copy of the target, and there are always 
elements that are changed or left out. In other words, a model resembles the target only in the 
specific aspects selected and within the purpose of the modeler. This requires one to consider the 
key elements of the target that will be selected and omitted (Bailer-Jones, 2003; Morrison & 
Morgan, 1999). In order to understand how models are designed, researchers have asked 
questions such as: What determines an exclusion of certain elements in model construction? 
What is the role of creativity and skills in choosing the right elements for building a model? 
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What are a models’ limitations and advantages in relation to other (kinds of) models? And how is 
the model assessed in relation to the phenomena?  
Purpose of modeling. Models can be created and/or used for explanations, for technical 
applications, or to guide experimentation (Bailer-Jones, 2003; Harris, 1999). Some of the key 
characteristics of scientific models are determined through their purposes. Although scientists 
argue about the level of insight associated with models, all models are constructed with the aim 
of providing knowledge of particular aspects of the target. 
Multiplicity of scientific models. The fact that models represent only some features of 
the target has the consequence that models have limitations and they can be improved and 
changed. Multiple models can be constructed and used to explain the same target or different 
aspects of the target, and alternative models explaining the same phenomenon can coexist 
(Halloun, 2006).  
For example, the concept of Earth's motion can be considered a target for the construction 
of different models.
1
 One motion pattern is in the elliptical translation of the earth around the 
sun. It is represented by a particle model governed by the Newtonian theory of mechanics. The 
other motion pattern is in the Earth’s rotation around itself; it is represented by a rigid-body 
model governed by Euler theory. These patterns result in two other patterns: two sidereal cycles 
that govern life on earth and are the concern of different paradigms in earth or biological science. 
The first motion results in various seasonal cycles around the globe. The second motion results in 
day-and-night cycles. In these respects, Earth is the target for four different models, two models 
of physical sciences and two of earth or biological sciences (Halloun, 2006 pp. 41–42). 
                                                        
1 Also, a concept could be the referent in various models that may or may not belong to the same scientific 
paradigm, for example the particle model of a physical system may manifest more than one pattern. To take another 
example, in its continuous movement, the Earth exhibits two motion patterns that are the object of the classical 
mechanistic paradigm in physics. 
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Different types of models can be used to explain and to investigate the same system or 
phenomenon. In chemistry various mathematical, symbolic, and iconic models can be used to 
provide understanding of how molecules behave at different levels: observational/macroscopic 
and molecular/microscopic.  
Because multiple models can be constructed, two or more rival models may coexist. 
Several examples from the history of science can be mentioned: two rival models explaining 
Jurassic mass extinctions, creationism and evolutionism concurrently try to explain how traits 
change in populations, and different models of the causes of disease that were proposed in the 
1800s. The multimodality characteristic of scientific models is an essential aspect of any 
disciplinary practice. It contributes to active enquiry by promoting the testing and selection of 
better and more parsimonious alternatives and consequently promotes progress and advance in 
scientific understanding (Grosslight, Unger, Jay, & Smith, 1991).  
J. K. Gilbert et al. (2000) defined the models accepted by a scientific community as 
“consensus models.” Consensus models are “those which are acknowledged as valid by different 
social groups after discussion and experimentation. Consensus of scientific models are those 
models accepted by a community of scientists" ( p. 12).  
Change in scientific models. Evaluating and redefining models are central processes 
within scientific practice (Lehrer & Schauble, 2000; Morrison & Morgan, 1999). Scientific 
models must stand up to empirical or conceptual testing.
2
 Empirical evaluations are undertaken 
by way of experiments: the model is assessed based on the degree of agreement between a 
prediction and the data obtained using the model. Conceptual assessments evaluate how well a 
model fits with other accepted knowledge and models (Passmore, Stewart, & Cartier, 2002).  
                                                        
2 The type of assessment that is conducted differs according to the disciplines (Oreskes & Belitz, 2001). 
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In summary, scientific models are simplified representations of the concepts used to 
describe, explain, and predict natural phenomena (Bailer-Jones, 1999). Scientific models always 
relate to a target, but differ because a model does not represent the entire phenomenon. They are 
developed for specific purposes and situations based on assumptions and previous data and 
theories about the phenomena, and consequently they have limitations. Models are constantly 
tested and revised in relationship with empirical data or current theories (Bailer-Jones, 2003; 
Lehrer & Schauble, 2000; Morrison & Morgan, 1999). Despite their limitations, scientific 
models are essential tools in science. They enable scientists to think about complex phenomena 
and envision processes that occur at times and scales that are difficult to observe directly 
(Morrison & Morgan, 1999).  
 
Models and Modeling in Science Education 
In the US, model-based approaches and modeling are currently considered key practices 
for science enquiry and for the development of scientific knowledge. The American Association 
for the Advancement of Science (AAAS, 1990) states that understanding science as a process of 
model-building is an integral part of science education and scientific literacy. Model-based 
approaches have begun to be integrated in the teaching and learning of science and a research 
focus on the use of these approaches has been developed.  
Philosophers believe that using models as a teaching strategy provides students with new 
ways of thinking and reasoning (Halloun, 2007). Researchers contend that the predictive and 
explanatory power of models can enhance students’ conceptual understanding and scientific 
skills (S. W. Gilbert, 1991; Treagust, Chittleborough, & Mamiala, 2002). Evidence of 
improvement in science learning when using model-based approaches in different subject areas 
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and grade levels has been reported (see Gobert & Pallant, 2004; Khan, 2007; Rotbain, Marbach-
Ad, & Stavy, 2006; Schwarz & Gwekwerere, 2007; Schwarz & White, 1999) 
Modeling activities are also viewed as an instrumental skill for students’ conceptual 
change (Clement, 2000; Halloun, 2006). Scientists believe that activities in which students draw 
on their mental models to elaborate “expressed” models and then communicate and explain them 
to their peers help students to reorganize their concepts and enhance their scientific 
understanding of the phenomenon modeled (see Clement, 2000; J. K. Gilbert, Boulter, & 
Rutherford, 2000; Halloun, 2006; Moreira & Greca, 1995).  
Modeling and learning. Scientists and educators emphasize that one of the major tasks 
of inquiry learning is the exploration of phenomena. The use of modeling activities and the 
construction and reconstruction of models is essential to the understanding of phenomena and the 
process of scientific investigation. Several studies have found that students secure a better 
understanding of scientific concepts by constructing models (Buckley, 2000; Johnson & Stewart, 
1991).  
The use of models and modeling in learning science is considered analogous to the use of 
models in science where the goal is to develop a better understanding of the world through 
hypothesis development and testing. Researchers identify the characteristics in the use of models 
and modeling activities within different scientific disciplines and adapt them to strategies for 
using models to learn science (see Rea-Ramirez, Clement, & Núñez-Oviedo, 2008; Steinberg, 
2008). 
Several model-based learning approaches have been proposed (Halloun, 2007; Justi, 
2002a; Rea-Ramirez et al., 2008). The key to all these learning strategies is the understanding of 
modeling as a progressive, learner-centered approach and the active participation of learners in 
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modeling (Megowan-Romanowicz, 2011).For example, in model-based reasoning approaches, 
Nersessian (2008) and Megowan-Romanowicz (2011) depict scientific inquiry as a series of 
model constructions and revisions within progressive cycles. Clement and Rea-Ramirez (2008) 
proposed a similar recurring cycle for student learning with models and modeling.  
In addition, distinctions between the types of modeling, exploratory or expressive 
activities, which the learner engages in are described by many researchers. In exploratory 
modeling students manipulate models constructed by experts, usually computer simulations. 
Students discover the models’ properties by manipulating parameters and observing the 
consequences of these changes (Bliss & Ogborn, 1989). Expressive modeling, on the other hand, 
engages students in the construction of their own models. Learners have the opportunity to 
express their own concepts and learn from the processes of defining, and exploring and 
manipulating relationships (Roberts & Barclay, 1988). A third modeling activity, inquiry 
modeling, has students constructing and reconstructing models by explaining, experimenting 
with phenomena, and predicting new phenomena (Windschitl et al., 2008). Halloun (2006) has 
suggested that students become involved in five consecutive phases when modeling: exploration, 
model adduction, model formulation, model deployment, and paradigmatic synthesis. These 
stages allow students to reflect on and improve their own models.  
Schwarz and Gwekwerere (2007) designed a model-centered learning approach called 
EIMA (Engage–Investigate–Model–Apply), which focuses on creating, testing, and revising 
models. The EIMA instructional framework is based on the philosophical understanding that 
scientists use theory and data for model construction and that model evaluation generates new 
theoretical ideas and empirical findings.  
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Morgan (1999) suggested that model-based learning occurs in three stages: denotation, 
demonstration, and interpretation. In the denotation stage learners decide how models and targets 
will be related, what properties to represent, and what model to design or use. In the model-
construction stage students use prior knowledge to develop their models and/or compare and 
develop patterns from data to create explanatory models. They go on to evaluate the model’s 
viability, identify weaknesses in their models, and revise them in response to their own and their 
peers’ critiques. At this stage it is necessary that the learner has a general understanding of what 
models are and of the different types of models available. Conceptual skills are not enough; 
creative and imaginative skills are involved. Learning about models occurs in the construction 
and manipulation of models. This demands that students use different methodologies in 
accordance with the kind of model selected (Morgan, 1999).  
In the following stage, demonstration, students investigate the features of the model in 
order to demonstrate certain theoretical claims about its internal constitution or mechanisms. 
Here, it is important that students develop a clear understanding of the characteristics and 
limitations of the models used. Finally, knowledge about the model has to be transferred into 
claims about the target. In this stage transfer skills are necessary. At this stage understanding 
must also be developed about what types of representational functions the model has in relation 
to the target. If students assume a model to be a realistic representation of the target, the transfer 
of knowledge from the model to the target is different than if students understand a model as an 
analogue with idealizing assumptions (Bailer-Jones, 1999; M. H. Lee, 1999; Morrison & 
Morgan, 1999).  
Studying a phenomenon using a model-based approach requires students to assess a 
selected model in relation to their previous experiences and the limitations and advantages of a 
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particular model. In addition to the development of proficiencies in using models, other cognitive 
and metacognitive skills are necessary for engaging in modeling. For instance, at the model-
construction stage learners have to consider what they already know about the phenomenon. 
Students have to have a general understanding of what models are and the different type of 
models available. They have to decide how models and targets are related, what properties of the 
phenomena will be modeled, what the purpose will be, what properties to represent, and what 
model to design or use. In this case, it is crucial that learners have clear understandings of the 
characteristics and limitations of the models used. In constructing a model, conceptual skills 
might not be enough; creative and imaginative skills must also be used. 
For revising created models, students compare their models with other models presented 
by the teacher and/or peers, find similarities and differences, and then determine what model is 
more viable to explain the phenomenon studied. In this stage it is important the learner has a 
clear understanding of the characteristics and limitations of the models used. Finally, knowledge 
about the model has to be transferred into claims about the target. In this interpretation stage, 
transfer skills are necessary. The kind of information obtained is different depending on the type 
of models used; for example, the transfer of knowledge is accomplished in a different manner 
with idealized or analogical models (Bailer-Jones, 1999; M. H. Lee, 1999; Morrison & Morgan, 
1999). In addition, the development and use of communication skills are important in order to 
explain the model, justify the model selection, and persuade others that it is the best model that 
can be used to understand the phenomena. 
Thus, in order for students to create and/or use models they have to understand the 
processes of modeling: that model design does not end in the construction of the first model and 
that models are revised and evaluated in terms of empirical data. Students have to understand 
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that the models have certain properties, for example explanatory adequacy, predictive power, and 
they have to be in agreement with other accepted theoretical and representational models. 
Finally, models are assessed in terms of empirical data. Students should be able to analyze data, 
draw inferences in relation to the models constructed, and when more data is presented, change 
the models accordingly (Lehrer & Schauble, 2000).  
Modeling is not an easy task. Appropriate conceptual, methodological, and metacognitive 
skills must be developed and applied. Teacher scaffolding is imperative for students to develop 
proficiency in these areas. Moreover, a different approach to the organization of the science 
curriculum within a classroom and across the school system needs to be considered for gradually 
enhancing students’ abilities in modeling. But it is only recently that modeling practices have 
been integrated in the science curricula and concerns about how to develop these cognitive skills 
within the context of a model-based learning have not been fully addressed.  
It is agreed that the teachers and curriculum developers’ roles must provide the essential 
context for enhancing model-based learning. As such, it is imperative that science teachers 
develop a better understanding of the epistemology of models as well as PCK around modeling 
(see Henze et al., 2007a; Henze, van Driel, & Verloop, 2007b; van Driel & Verloop, 1999, 
2002). In the following pages I discuss the implications of a model-based approach for teaching.  
 
Models, Modeling, and Model-based Approach: Implications for Teaching 
The purpose of modeling needs to be comprehended not only by students but also by 
teachers. The type of models teachers select, how they introduce these models into their science 
practices, what is said about them (i.e., the limitations and strengths of the model), and the time 
allocated to review are essential considerations when approaching a model-based practice 
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(Boulter & Gilbert, 2000). As such, the integration of ideas about models and modeling involves 
the reorganization of the curricula and requires teachers to revise their practical CK as well as 
their PK.  
As was noted above, several studies suggest that teachers have limited experiences with 
modeling. Generally, they lack the conceptual understanding of model-based teaching and are 
not aware of the dynamic characteristics of scientific models and modeling and how models are 
used in different disciplines. Teachers rarely focus on the predictive aspects of modeling or 
provide instances that lead to students’ understanding of models in their role in the generation of 
new research questions. Teachers usually stress the descriptive value of models, but the 
limitations of models are rarely mentioned (Justi, 2003; van Driel & Verloop, 1999). Moreover, 
teachers do not perceive models as research tools that make it possible to obtain different 
information about the target or to teach about the nature of science (Harrison & Treagust, 2000; 
Henze et al., 2007a, 2007b; Justi & Gilbert, 2000). Acher, Arca, & SanMarti (2007), Gobert and 
Buckley (2000) and Schwarz et al. (2009), among others, suggested that the involvement of 
students in the construction and revision of models is essential for developing their 
understanding of phenomena and modeling practices. However, it seems that rather than 
introducing modeling activity as a context for students’ inquiry, teachers tell or direct students in 
their uses of models (see France, 2000; Justi, 2002a, 2002b, 2003; van Driel & Verloop, 1999).  
In other words, scientific modeling and model-based learning would seem to require 
changes in teachers’ understanding in their classroom practices. These changes place high 
demands on teachers to develop an understanding of the epistemology of models and to reflect 
on their PCK. Nevertheless, there are currently no clear outlines about how model-based learning 
and teaching should be approached.  
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The next section provides an example of how a model-based approach is used in a fifth-
grade science classroom. This example used some of the metamodeling strategies and skills 
described above and followed the guidelines proposed in the research project introduced in this 
science classroom.  
 
Using Scientific Models and Modeling to Teach Parallel and Series Circuits  
In the previous three classes students constructed several models. First, they drew their 
sketches of their ideas, called idea models, that sought to capture their understanding of how a 
parallel circuit and a series circuit model would be set for a light bulb to light. Then, in groups of 
four, students built their idea models and tested whether or not they worked. If their physical 
replicas of the models did not work, they tried to modify their models. In the third class, Ms. 
Delaney provided switches, and in groups, students incorporated switches into their models. 
They again drew their idea models; then they constructed their physical models and collected 
data, comparing their physical models with their representations; finally they made the necessary 
changes to the models they had drawn. In the following vignette, the whole class compared two 
models that lit the light bulb, but are designed differently: the components of the models are 
connected in different was so the switches have a different purpose. Ms. Delaney, the teacher, 
provided the following information and prompted students to talk about it: 
Ms. Delaney:  These are two really great examples that are different from each other [see 
Figures 1 and 2]. But both of these [models] are parallel circuits and both of them 
work. It makes my day perfect that you guys drew two different ideas. Thank you. 
Look at how they are different. Can you put into words how they are different?... Is 
everyone looking and thinking?... Yes, they both have two batteries; yes, they both 
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have two bulbs; yes, both have a switch. Jeremy (Figure 1) is open; Shaida (Figure 
2) is closed … but how are they different? Turn and talk in your groups. 
(Students talking at their table groups) 
Ms. Delaney:  What do you say the difference is between these two circuits? 
Rosario:  Shaida’s shows the wave and Jeremy’s does not.  
Ms. Delaney:  Shaida shows the electricity flow… 
Rosario:  It shows that it goes two ways. 
Ms. Delaney:  I don’t see it goes two ways, I see that it goes in two different paths. Is that what 
you mean? [Mhm] OK, and by contrast? 
Jeremy:  [It] doesn’t have direction arrows?  
Ms. Delaney:  OK, what else? [several students raised their hands], Pranav.  
Pranav:  In Shaida’s, both light bulbs are at one side of the battery, in Jeremy’s they are on 
a different sides. 
Ms. Delaney:  That’s right, Jeremy? 
Jeremy: I’m not saying that about the battery, but the switch there (pointing Shaida’s 
model) only controls one bulb.  
Ms. Delaney:  The switch only controls one bulb, so if I disconnect the switch, what is going to 
happen to the bulb? [pointing at bulb 1 from Figure 2] [silence] Will it be lit or 
off? 
All students:  Off. 
Ms. Delaney:  It will be off, and what about this bulb? Will it be lit or off? [pointing at bulb 2 in 
Figure 2] 
Students:  On. 
Ms. Delaney:  It will be lit, it will be on. By contrast look at Jeremy’s, when we connect the 
switch, what happens to the light? … It will go on, and when we disconnect the 
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switch it will go off. Now if you have a string of Christmas tree light, now… do you 
think the Christmas tree lights are a parallel or series circuit? 
Students:  Parallel! Series! 
Ms. Delaney:  Just visualize it in your mind and think about it. 
(From Electricity Unit, Year 2, Day 9)  
Ms. Delaney used the models that two students had constructed as a tool that allowed the 
class to think of circuits, the purpose of switches, and how series and parallel circuits work. She 
asked students to compare two models designed by classmates to find where the models varied. 
The purpose was for students to find differences in how the models behave based on the switch’s 
position. Although explicit scaffolding about how to analyze and compare the models was not 
provided on this occasion, Ms. Delaney offered an example of how to do the comparison when 
mentioning some of the characteristics both models had (“They both have two batteries. Yes, they 
both have two bulbs. Yes, both have a switch.”). First the students made an attempt to analyze 
the models based on their components. She allowed students to list a series of components 
(bulbs, light, batteries) and she provided a summary of this comparison based on the similar 
components in each model. But Ms. Delaney guided the students to think about the relation 
among these components and how the position of these model’s elements determined the 
functioning of the system.  
In this case, she asked students to compare models and try to find their similarities and 
differences in how they work instead of simply showing a model of series or parallel circuits to 
teach the concept, that is, a more traditional approach. During this discussion students engaged in 
comparing, evaluating, and analyzing models with more than one model designed to represent 
the same topic being presented. Inasmuch as all these teaching strategies were used, the teaching 
activities here are aligned to contemporary ideas of teaching with models: Ms. Delaney 
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incorporated modeling and metamodeling. Although the idea of multiplicity of models is not 
discussed, I believe that presenting these examples might help students construct the notion that 
more than one model is possible and valid for describing a phenomenon. The comparison and 
evaluation of models in terms of their purposes and differences is sometimes overlooked in 
traditional practices. In this lesson this strategy was explicitly used as the purpose of the activity 
and as a way to connect this to a real-world application: how Christmas tree lights work.  
 
Use of Models in Traditional Classrooms 
Despite the importance of scientific modeling for learning science and scientific inquiry, 
researchers report that scientific modeling activities are not commonly implemented in the 
classroom (Justi, 2002b). Students, particularly at the elementary and middle-school levels, 
rarely engage in modeling activities and therefore do not develop an understanding of the use of 
models in science (Grosslight et al., 1991). In science education it is more common that models 
are used as teaching strategies instead of learning tools. When models are used in traditional 
science activities, the purpose is primarily illustrative and they are almost exclusively considered 
to be tools for demonstrations. This limits the scientific practice and the learning experiences 
related to the nature of science (Windschitl et al., 2008). 
In addition, in a traditional approach models are used as interchangeable physical 
demonstrations of objects or systems as well as representations of abstract concepts and/or 
scientific theories (Boulter & Buckley, 2000). Students and teachers generally think of models as 
simplified representations of reality (Lesh & Lehrer, 2003). When using models to teach science, 
the characteristics of models and how models relate to the object or concepts that are represented 
are not explicit.  
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Teachers might include scientific models in their practices, but the limitations, evaluative, 
and revising aspects of modeling are not part of the teaching and learning strategies. Neither 
these essential characteristics of models, nor how models relate to the object, concept 
represented, other models, and their advantages and disadvantages, are explicit in science 
practices. Usually, students are not invited to examine what components, or what relationships 
between components, are represented in the models and why. Moreover, students are rarely 
involved in constructing or using these models beyond showing content understanding (Schwarz 
& Gwekwerere, 2007).  
Teachers’ knowledge and understanding of the nature of scientific models and modeling 
relates to students’ knowledge and uses of modeling and models. Previous studies have found 
that teachers’ perceptions of models are inconsistent with current views (see Henze et al., 2007b; 
Justi, 2003; van Driel & Verloop, 2002). It is crucial for science teachers both to comprehend the 
features of scientific models and modeling and to integrate that content understanding into their 
PCK in order to utilize a model-based approach in ways appropriate to fostering students’ 
effective learning.  
 
Summary  
I introduced this section by identifying and describing key concepts related to scientific 
models and modeling practices required for teaching and students learning. These concepts are 
essential for the development of CK and PCK. Next, I illustrated how Ms. Delaney, an 
elementary teacher, integrated modeling in her science classroom and provided a summary of 
how this approach differed from the modeling activities used in traditional classrooms. In the 
following chapter, I describe the context and features of the MoDeLS project.    
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Chapter 4: 
Studying a Practice 
This chapter explains the settings and methods used to collect, analyze, and present the 
data. The first part introduces the MoDeLS project. The second part introduces the framework 
for data collection and analysis and the interplay between theory, data, and my position as 
researcher. The next section describes Ms. Delaney, a fourth-grade teacher, her classroom, and 
the school context. Following, I explain how data was selected and analyzed. The process of data 
collection and the primary sources used are discussed in detail. Next the data analysis is 
presented including the processes used and an explanation of how the PCK model selected was 
used in the analysis.  
 
MoDeLS Project 
It is essential that teachers’ knowledge and understanding of current philosophical 
stances about models and modeling be developed for teachers to be able to use modeling 
effectively in their science classrooms. The purpose of the MoDeLS (Modeling Designs for 
Learning Science) project was to develop modeling-enhanced curriculum materials and create a 
learning progression for elementary and middle-school levels based on empirical data.
3
 Research 
at MoDeLS was primarily conceived in terms of curriculum implementation and the support of 
teachers’ development of their subject-matter and modeling knowledge, and PCK (Schwarz et 
al., 2009). 
                                                        
3 The MoDeLS project was funded by the National Science Foundation’s Instructional Materials Development 
program. Faculty from several universities and institutes (Northwestern University, University of Michigan, 
Michigan State University, the University of Illinois at Urbana-Champaign, Wright State University, and the 
Weizman Institute of Science) were involved in the research. 
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Researchers in MoDeLS worked with pre-service and in-service teachers and students. 
Teachers involved in the project participated in professional development activities and used 
models and the curricula developed by the research group to engage students in scientific 
modeling. Researchers provided support for teachers to learn and enhance their PCK and their 
understanding of metamodeling in order to apply the modeling approach. Some of the activities 
teachers engaged in were analysis of instructional practices, reading and discussions about 
papers that propose modeling activities, and discussions about the dilemmas faced when 
integrating modeling-enhanced lessons. Some teachers were intensively involved in the activities 
developed by the MoDeLS group, while others only used some of the materials. In this thesis I 
present the journey of one elementary teacher’s participation in the program as she used some of 
the materials and activities designed within the MoDeLS group.  
 
Modeling Conception within the MoDeLS Project  
MoDeLS conceived models as “a representation that abstracts and simpliﬁes a system by 
focusing on key features to explain and predict scientific phenomena” (Schwarz et al., 2009 p. 
633). The researchers in the project differentiated scientific models from other types of models in 
that scientific models have mechanistic or causality features used to illustrate, explain, and 
predict phenomena. The research group was also aligned with current research on student 
learning about modeling (Seel, 2003; Spitulnik, Krajcik, & Soloway, 1999; Stewart, Cartier, & 
Passmore, 2005). 
The conception of models and modeling integrated in the MoDeLS project is based on 
the idea that modeling involves the practices of constructing, using, evaluating, and revising 
models. These four practices are considered the core of the scientific activity (Lehrer & 
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Schauble, 2000). The main features of models and modeling emphasized in the project were as 
follows:  
1. Models are constructed and used with a purpose.  
2. Models are incomplete representations of a phenomenon and there are multiple 
possible representations of the phenomenon.  
3. Models have predictive power and are constantly evaluated and changed upon new 
evidence.  
4. Using, creating, and manipulating models can help students generate and 
communicate understanding (Schwarz et al., 2009, p. 640).  
The members of the MoDeLS project believe that the process of modeling engages 
students in a variety of reasoning activities and enables students to enhance their nature-of-
science understanding. The knowledge about models and modeling that relates to the nature of 
science is defined within the project as metamodeling knowledge (Schwarz & White, 2005).   
The instructional framework integrated in the MoDeLS project is based on research 
findings about elementary and middle-school students’ and preservice teachers’ modeling of 
inquiry, and it is proposed for different content areas (Baek, Schwarz, Chen, Hokayem, & Zhan, 
2011; Kenyon, Schwarz, & Hug, 2008; Schwarz & Gwekwerere, 2007; Schwarz & White, 2005; 
White & Schwarz, 1999). Labeled model-centered instructional sequence, the teaching plan 
proposes the use of a “model evolution” sequence in which students start the modeling practice 
by constructing, then evaluating, and finally revising their models based on new information, 
other empirical evidence presented, or scientific explanations shared. The key to these practices 
is the students’ social interactions and the development of norms. Most of the drawings students 
construct and discuss are considered expressed models. Students negotiate meaning and interact 
with one another by constructing consensus models (Baek et al., 2011).  
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Framework for Data Collection 
Three lines of work informed this research. The first one related to models and 
methodologies for portraying PCK; the second centered on the frameworks associated with 
narrative as a methodology of research; and the third centered on the literature linked to 
educational reform as an area of research, and, more specifically, the work related to the 
inclusion of a modeling as a new understanding within curricula and educative materials.  
Model and measurement of PCK. The measurement of PCK is connected to the 
understanding of the nature of PCK. I believe that PCK is a knowledge teachers have and that 
this knowledge is evident in their practice. I also think PCK evolves through time. It is a 
complex construct conceptualized at topic and discipline-specific levels. As such, multiple 
strategies should be used to measure it. I selected observations from classroom and interviews as 
my main frame for selecting data.  
This thesis focuses on the PCK around scientific modeling (Schwarz et al., 2007). For the 
purpose of the thesis, the teacher’s development of modeling knowledge, how she implemented 
the modeling ideas in her practices, and how she developed and restructured her PCK around 
science were described using a modified version of the development model of Park and Oliver 
(2007) and the “MoDeLS Teacher Knowledge Framework” (Davis et al, 2008). 
Park and Oliver (2008) proposed a hexagon model of PCK for science teaching. They 
initially identified five components: “orientations to science teaching, knowledge of students’ 
understanding in science, knowledge of science curriculum, knowledge of instructional strategies 
and representations for teaching science, and knowledge of assessments of science learning” (p. 
268). Later, they added a sixth component: “teacher efficacy.” Their model located PCK in the 
center of the hexagon. The authors contended that PCK has two aspects put into practice by, 1) 
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reflection-in-action that occur while teaching; and 2) reflection-on-action evident after the 
teaching occurred (Park & Oliver, 2008). These aspects of PCK are related to the current 
conception of PCK (Gess-Newsome & Carlson, 2013). 
Park and Oliver (2008) contended that the development of any of the components of PCK 
trigger enhancement of other components. However, according to the authors, only coherence in 
the development of all components can lead to changes in practice. For the purpose of this study, 
five of the six components from Park and Oliver’s (2008) models were used. I did not collect 
data for the component “orientations to science teaching.” Park and Oliver’s (2008) model was 
also modified to include the aspects of modeling and PCK presented in Davis et al. (2008). This 
model focuses on the PCK around scientific modeling and details two aspects of modeling 
practices, that is, epistemological modeling knowledge, and scientific modeling knowledge 
related to the components “knowledge of instructional strategies” and “knowledge of students’ 
ideas.” Figure 4 describes my framework for the components of PCK in science, models, and 
modeling modified from Park and Oliver’s model (2008) and Davis’s (2008) MoDeLS teacher 
knowledge framework (2008).  
It is difficult to offer a clear picture of PCK as a construct. Therefore, it is challenging to 
assess PCK development in teachers. Several researchers have highlighted the need for a 
combination of approaches to capture the complexity of PCK and its development (Loughran et 
al., 2004; Park & Oliver, 2008; van Driel et al., 1998). Different qualitative methodologies are 
suggested for exploring teachers’ PCK (Cochran-Smith & Lytle, 1990; Connelly & Clandinin, 
2000). These studies show that multiple strategies are essential when researching and identifying 
PCK. However few studies have proposed concrete ways to capture the complexities of PCK as a 
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multifaceted construct that develops through time in a nonlinear manner. Most of the studies aim 
to validate models of PCK development (Loughran et al., 2004; Park & Oliver, 2008).  
In the special issue of the International Journal of Science Education on “Developments 
and challenges in researching science teachers’ PCK: An international perspective,” Abell (2008) 
urged researchers to study not only individual PCK components but their interaction in order to 
comprehend PCK in a way that would advance the field of science education. I looked for a 
method to capture comprehensively PCK development and changes. Following Abell (2008), 
two studies were selected that assisted in the analysis and organization of data. The first study 
provided a model for identifying key features of PCK analysis (Park & Oliver, 2008), and the 
second study offered guidance to a methodology for PCK research (Loughran et al., 2004).  
Loughran et al. (2004) worked with experienced teachers for an extended period of time 
with the purpose of designing a method that would provide a clear way to identify teachers’ PCK 
on a science topic. The authors developed two interconnected constructs to codify PCK. CoRe 
focuses on the aspects of PCK teachers recognize as important features of a concept, and PaP-
eRs illustrates the contextual aspect of PCK. PaP-eRs shows how the knowledge is practiced in 
the classroom.  
 
Narrative Inquiry 
The notion of teacher knowledge as narratives of experience (Connelly & Clandinin, 
2005; Ross, 2004) was used to organize and present the data. As I was looking for a way to 
organize and describe the classroom and its daily activities from the teacher’s perspective but yet 
from different angles, I explored narrative inquiry. This framework, and the research done in Bay 
Street Community School by Connelly, Clandinin, and others in their research group (i. e., 
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Clandinin & Connelly, 2000; Connelly & Clandinin, 2005; Phillion, 2002; Ross, 2004), was 
compelling in two senses. One was the grounding of their idea of narrative in Dewey’s 
philosophy of experience and education (1938), which is in turn reflected in the perspectives on 
education and teaching of Schwab (1962) and indirectly Shulman (1986). The second was the 
use of narrative as a methodology (Connelly & Clandinin, 2005) that uses stories as a way to 
present knowledge to others. These starting points led to a view of teachers as having a practical 
knowledge that is narrative in form, continuously developed, and socially connected.  
 
Why Using Narrative Inquiry?  
The goal of this study is to understand a teacher’s assumptions and interpret her activities 
and ideas about her changing practices and her perseverance in using a modeling perspective to 
teach science. As my beliefs changed, and the necessity of writing with a broader focus on the 
experience of the teacher who enacted the curriculum developed, I needed a conceptual 
framework that helped me contextualize and detail what emerged from using this new 
curriculum. I came to apply Clandinin and Connelly’s (2000) narrative inquiry methodology to 
make meaning of both the curriculum changes and the teacher’s experiences.  
Narrative inquiry also serves as a way of showing the intricacies and complexities related 
to the development of PCK (Clandinin & Connelly, 2000; doyle & Carter, 2003 ). But of these 
studies few outside the research from the Clandinin and Connelly research group have focused 
on narratives that go beyond the examination of pedagogy.  
Teachers have a practical knowledge that is narrative in form, continuously developed, 
and socially connected (Connelly & Clandinin, 2005). In my attempt to present the teacher’s 
story of teaching and the changes in her practice I primarily use the concept of narrative inquiry 
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as a way of communicating these findings (Connelly & Clandinin, 1986). Narratives can present 
the teacher’s trajectory and show her persistence and motivation to integrate modeling in her 
science teaching. Also, narratives can present information about things that work and the 
meaning of different events from the perspective of the teacher.  
Narrative inquiry allowed me to explore Ms. Delaney’s initial and developing ideas in the 
context of her self-understanding of modeling, science, her practices, and teaching goals. 
Through narratives I have reconstructed the teachers’ comprehension of science education using 
a modeling perspective and her pedagogical understandings. Narrative inquiry acknowledges the 
specificity of this teacher and science classroom allowing as well for the transfer of “portable” 
insights to other teaching contexts. 
 
Educational Reform  
The third body of work I explored centered on teachers’ acceptance or non-acceptance of 
educational reform (Ball & Cohen, 1996; Schneider et al., 2005; Sherin, 2002; Sherin & Drake, 
2009). In their work with elementary teachers who were using a reform-based curriculum for the 
first time, Sherin and Drake (2009), for example, documented the issues teachers considered 
when evaluating and adapting a mathematics lesson. They found that changes in the organization 
and management of the activities occurred before instruction but teachers needed to experience 
in their practice aspects related to mathematical concepts for them to rethink and change their 
practices.  
The above results and recommendations drawn from the other studies aligned with PCK 
components were considered in the analysis of the results. My goal in this study was to present 
the teacher’s story of teaching and the changes in her practice. Hence, narrative inquiry, along 
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with the model of PCK development (Park & Oliver, 2008) and the methodology proposed by 
Loughran et al. (2004), became the framework that guided my research. 
 
Setting and Participants 
All names of participants were changed to pseudonyms. Dialogues with students who 
decided not to participate in the project were omitted. The names used to identify individual 
students tried to maintain the same origin as the real name. For example, for a student with a 
Spanish name I used a Spanish pseudonym. This study is based on classroom observations and 
interviews with Ms. Delaney, an elementary teacher. The observations were conducted during 
three school years: 2007–2008, 2008–2009, and 2009–2010.  
 
Ms. Delaney 
This section introduces Ms. Delaney, a fourth-grade teacher, her classroom, curriculum, 
and the school context. Ms. Delaney has taught in elementary grades for more than 20 years. She 
has been in Lincoln School, a Midwestern elementary school, for 14 years. There she teaches 
science to the combined fourth/fifth-grade of a gifted program.
4
 When I asked her to describe 
herself as a teacher and as a science teacher she said: 
Well. I’ve always been an advocate for science. I love science and teaching science. I have a 
degree in zoology and with that background I went into teaching and I got certified. So, I never 
wanted to be a science teacher. I think I found my niche in elementary classrooms but I do think I 
do a very good job at science. Because I like it, I understand it and I don’t shy away from 
educating myself about the units that I have to teach. (From Post-study Interview 1) 
                                                        
4 Ms. Delaney co‐teaches fourth and fifth grade; she and her colleague share responsibilities for teaching 
math, social science, and reading and writing. Ms. Delaney teaches fourth‐grade science and her colleague, the 
fifth‐grade science content. Only Ms. Delaney joined this project. 
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Ms. Delaney has a high level of practical knowledge for teaching science and 
constructivist views about teaching and learning. She has the practical pedagogical knowledge of 
science and the management skills needed for her classroom. During the initial interview she 
described her teaching strategies as follows:  
Elizabeth:  If you have to rate your expertise in science as content, as well as teaching 
science, what would you say? 
Ms. Delaney:  They can go together, don’t they? 
Elizabeth:  Yes, and no. You can say, “I know a lot about zoology but…” 
Ms. Delaney:  Mm, that’s a hard question. I guess I like a protocol that I like to follow when I’m 
teaching. It’s kind of a workshop way. You open with some sort of a question or 
post something for them to think about, or have eh… a model, something to see, 
and then have a discussion, find a task to do, and at the end bring them [students] 
back together and debrief. […] You know, it is that reflecting piece at the end that 
you ask: “What do you get out of it, what did you learn?” that it causes that 
cognitive change, where you are reflecting, kind of anchoring. 
Elizabeth:  So, sort of this is a class strategy, was this your class strategy before the modeling 
project? 
Ms. Delaney:  Yeah.  
(From Post-study, Interview 1) 
Ms. Delaney is very motivated and self-critical. She is proud of her students’ successes 
and very interested in their development, achievement, and families. Because of the 
characteristics of her students and her class, she is constantly looking for ways to improve her 
practice and to provide students with better learning experiences. As a way of developing her 
science content knowledge she regularly attends summer workshops, participates in curriculum 
development activities, and pilots different curriculum materials. Five years ago Ms. Delaney 
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decided to form a partnership with a professor at the nearby university. She believed that the 
collaboration in the MoDeLS project would keep her updated in science content and bring 
resources to the classroom that were otherwise unavailable.  
Ms. Delaney was very interested in learning about scientific models. Modeling was a new 
approach, foreign to her previous experience as a teacher and as a learner. This new approach 
sometimes required an effort for her to understand and presented a challenge to her teaching. 
However, she was very eager to work in the project’s lessons and activities. For each science 
unit, Ms. Delaney kept records and took notes about how the activities were developed. She kept 
track of the students’ performance in her district’s test scores. These notes were used the 
following year to modify and to improve the activities so that her students could develop a better 
understanding of the topic and better succeed in the test.  
I met Ms. Delaney four years ago, one year after the MoDeLS project began. 
Subsequently, I observed her teaching science every day for three school years. During the units’ 
enactment we met periodically both in and outside the school to discuss issues related to the 
content and PCK. During those one-on-one meetings we also shared classroom, content and 
personal experiences, frustrations about students’ behaviors and achievements, and opinions 
about different aspects of the educational system. In addition, we met at the beginning of each 
school year for professional development activities: in the first and second year we had two 
meetings of 2 hours each, and in the third year we met for 3 hours each day for 4 days. The main 
goals of these meetings were to talk about CK in relation to models and modeling activities and 
to plan how to integrate the content into the school curriculum for that year. A detailed 
description of the professional development activities I did is provided in a later section. 
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Lincoln School. Lincoln School is a K–5 elementary school located in a small 
midwestern city. The school offers a variety of courses and services for students. It has after-
school programs, a gifted program, and a “balanced literacy program.” The school has received 
several grants and recognitions for its involvement in special projects. The school emphasizes 
teaching and learning of math and science a local university at the time Ms. Delaney engaged in 
the MoDeLS project (data from Illinois School Report Card, 2009; school web page).  
Lincoln School serves a diverse population of 391 students. During 2009–10 the 
administration reported a 94.8% attendance rate; about 51% of the students qualify as low-
income. In 2009, the time devoted to teaching the curriculum core was 60 minutes/day for 
mathematics, 27 minutes/day for social science, 149 minutes/day for English and language arts, 
and 27 minutes per day for science (Illinois School Report Card, 2009). During the years 2007–
2008, 86.4% and for 2008–09 79% of the fourth-grade students met or exceeded the state’s 
Learning Standards in science. These performances were above the district and state scores 
during 2007–08, and below the district standards but above the state levels during 2008–09. The 
school did not make adequate yearly progress (AYP) for reading during the 2008–09 school year 
(Illinois School Report Card, 2007, 2008, 2009). 
Class and students. The participants in the study included Ms. Delaney and three 
cohorts of fourth-grade students. There were 24 to 25 students in her class each year. The 
majority of students had one or two professional parents. The classes participating in this study 
were part of the gifted program. 
The fourth- and fifth-grade gifted classrooms were connected and the students sat 
together during snack breaks, reading and writing periods, social science periods, and special 
projects, among other activities. The class environment was very open and respectful. Writing 
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was emphasized as an everyday activity, students had higher-level reading skills, and fourth-
grade students worked at a fifth-grade level in math. Group activities and sharing of tasks was 
very much promoted. Students were encouraged to ask questions, to support their ideas with 
data, and to disagree with others, including Ms. Delaney, as long as they provided support for 
their statements and did it in a respectful way. All students were encouraged to participate in 
answering questions. Good work, classroom respect, clear organization and hard work were 
recognized and rewarded. During science class sections Ms. Delaney usually showed students’ 
journals as exemplary work to follow.  
 
Curricula and Modeling Practices Integrated in the Class 
This study is based on classroom observations and interviews with Ms. Delaney. The 
observations were made during the science unit enactments during three school years: 2007–
2008, 2008–2009, and 2009–2010. The interviews were undertaken during those years and at the 
end of the project in 2010–2011. 
One of the purposes of the MoDeLS project was to develop materials and to suggest best 
practices to integrate these materials in their classes. These suggested materials were open to 
further teacher development and local adaptation as teachers incorporated them in their 
classrooms. These materials were “educative” in nature (Davis & Krajcik, 2005), promoting 
teacher learning as well as student learning by supporting teachers’ subject-matter knowledge 
and PCK on models and modeling. Due to the context of Ms. Delaney’s classroom—she had to 
follow the district guidelines for teaching science—Ms. Delaney selected the models and 
modeling practices to incorporate in her science curricula. She taught four science units during 
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the school year. Each unit lasted 15 to 19 days. In the following, I present examples of the 
science content and proposed modeling activities used in Ms. Delaney’s classroom.  
Although Ms. Delaney had to teach certain content from the district science curriculum, 
she usually decided what activities to undertake.
5
 At the beginning of the year, before the units 
began and during her teaching of the units, I met with Ms. Delaney to talk about scientific 
models, modeling, and ways of integrating these topics in the science curriculum. I suggested 
several model-based activities and metamodeling knowledge to include in the different science 
topics, most of them based on the MoDeLS ideas and approach on modeling. It was Ms. 
Delaney’s decision what to integrate and in what instances of the curriculum to do so. This 
position made her classroom different from other classrooms analyzed previously in the literature 
in the sense that Ms. Delaney decided what aspects of the suggested materials to integrate in her 
classroom and how to adapt them to her practice. 
Ms. Delaney emphasized certain strategies and practices related to modeling as she 
taught all the units: that students should draw or sketch the models they were working with in 
their journals, and that they should include a written explanation of their model. The model 
students had drawn and/or constructed initially, using their prior knowledge, was called an “idea 
model.” Sometimes, when the whole group or small groups re-designed their models and 
presented them to the class, the models students constructed were termed “consensus models.” In 
the following I describe the activities covered in each science unit as listed in the district science 
curriculum as well as the modeling activities suggested for inclusion in the units.  
                                                        
5 During the first two years of the project, science was taught every day, for one hour. In the last year of my 
observations the science period was reduced to 45 minutes. The order of the units changed between the first and 
second years as a result of the teacher’s decision but was the same during the second and third years. In the first year 
Ms. Delaney started with the Animal Science unit, followed by the Electricity unit, the Astronomy, and then the 
Light unit. The second and third years the units were taught as follows: Astronomy, Electricity, Animal Science, and 
Light.  
 
  
 
 
54 
Astronomy unit: Our place in space. This unit lasted 16 days. The emphasis was on 
concepts related to the positions of the sun, moon, stars, and planets as well as the observable 
changes and apparent position of the sun in the sky in the different seasons. During this unit the 
teacher emphasized the explanations related to seasons, moon phases, and the relative positions 
of sun, moon, and earth. Some of the activities listed in this unit were: ‘The Universe—Overview 
and Introduction’, ‘Sun and Earth: Apparent Movement of the Sun’, shadows, orbit, tilt and 
seasons, ‘Earth and Moon: Apparent Motion and Phases of the Moon’, and eclipses, among 
others.  
The teacher presented and used several scientific models during this unit and models and 
modeling were introduced in 10 days of the unit. One of the practices emphasized in this unit 
was the idea of constructing, revising, and re-designing models based on new information. 
Students used their models to communicate their understanding of the topics. Also, the teacher 
used the models as a way to evaluate students’ understanding.  
For understanding the seasons, students used Styrofoam balls representing the sun and 
earth. After using the balls to model the earth’s rotation, they drew their idea models in their 
journals. Ms. Delaney used the globe to explain the importance of the tilt of the earth in 
explaining the seasons. In order to understand the moon and earth positions in the different moon 
phases, students used flashlights and Styrofoam balls and they drew different models showing 
the moon from different perspectives. In the activity for the apparent movement of the sun and 
shadows, the students used meters and flashlights as well as drawings to explain how shadows 
changed with the different position of the sun. Then they predicted where the sun might be in the 
sky at different times in the day and collected data related to the length of the shadow with 
seasons to revise their hypothesis. Lastly, students constructed a model of the Milky Way galaxy.  
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Electricity unit: Electricity and magnetism. This unit was implemented for 13 days of 
the school year. Activities that included models were conducted in 7 of the 13 days. The goal of 
one of the activities was to light a light bulb. The teacher asked students to draw a model of how 
they would light the bulb using a wire and a battery; they then tested and reviewed the model. 
For learning about parallel and series circuits students created models, tested their ideas, and as a 
whole group compared, evaluated, and discussed which models worked and which ones did not 
work. The teacher provided an explanation of circuits and gave different examples of models that 
work and did not work and asked students to test their own models. The models were used as 
part of the performance assessments. For example, the teacher asked students to construct a 
model for lighting a light bulb. For the formative assessment, the teacher discussed how the 
models were used to predict and handed-out a sheet with different drawings of circuits, called a 
“prediction sheet,” for students to work on. For each of the models, students decided whether the 
light bulb would light and then tested their ideas. 
Animal science unit: Animals and their environments. The Animal science unit was 
taught for a period of 16 days. During the first two years modeling and models activities were 
incorporated in only two of those days. Students examined the survival needs of different 
organisms, explored how conditions in particular habitats limit what kinds of organisms survive 
in that context, and studied different types of interactions among organisms within an 
environment. Students used food-web and food-chain examples as models to discuss their 
limitations.  
During the third year, modeling and models were used five days. The teacher used data 
so that students could construct food-web models and use these models to predict how 
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populations might change over time. She also used models of beaks to support students’ data 
collection and discuss form and function.  
Light unit: Light and color. The goal of this unit was for students to experience light-
related phenomena and to understand that light can be observed, measured, and controlled in 
various ways. For this unit, the teacher used a combination of activities from the district’s 
curriculum and the IQWST unit Investigating and Questioning our World through Science and 
Technology (Fortus et al., 2008).  
Students began the unit with an activity from the IQWST curriculum: “Can I believe my 
eyes.” They drew models, based on their initial understanding of  “how I see,” and then revised 
the models integrating the four components of how we see (light source, straight unblocked path, 
eye, and object). In groups, students constructed models of why we cannot see a car through a 
wall. As a whole class the groups presented their models and discussed some of the limitations of 
each model. Students discussed the idea of reflecting surfaces using a model showing the 
different temperatures of clear and colored water. Ms. Delaney used an activity with spoons and 
concave and convex lenses from the district unit and asked students to draw a model explaining 
how we see with those lenses. In all of these activities the students constructed their models, 
collected and analyzed data, and revised their models. The unit lasted 19 days, and 11 days were 
used to construct and revise components in the same model of light and shadows.  
 
Professional Development  
Before, during, and at the end of each unit, I met with Ms. Delaney to talk about different 
issues related to the unit’s activities, curriculum development, and about models and the 
modeling practices that occurred during the units. These instances became opportunities for 
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professional development, as she re-designed curriculum activities and engaged in reflective 
discussions on what she was doing during her practices. I believe that participation in these 
discussions may have contributed to the teacher’s process of change.  
At the beginning of the project I met with Ms. Delaney to talk about models and 
modeling and ways of integrating these concepts in her classroom. The professional development 
activity was based on one paper, named “front matter,” about incorporating models in the 
classroom (Nelson et al., 2008) that she read and discussed. This paper introduced Ms. Delaney 
to the main scientific practices of modeling: constructing, using, evaluating, and revising models. 
Each of these activities was explained and I gave examples of how those modeling practices can 
occur in the classroom. The idea that these modeling activities are not presented in a particular 
order and the concept that modeling is an iterative practice was also discussed. Figure 5, from the 
front-matter paper (Nelson et al., 2008), describes how the modeling strategy of revising can be 
integrated in a science classroom practice.  
I followed this initial professional development activity with a meeting prior to teaching 
the first unit. During this workshop we talked about how Styrofoam models can be used to learn 
about seasons and moon phases and I modeled how the project envisioned teacher–students and 
student–student discussions on models and modeling taking place while using the proposed 
models. 
The next meeting was part of an interview conducted before the Electricity unit was 
enacted. In this case, the professional development activities were based on questions Ms. 
Delaney had and her teaching practices during the previous unit. In the second year of the 
project’s enactment, the professional development activities were based on the teacher’s PCK 
needs and some analysis of the previous year’s classroom practices. For example, Ms. Delaney 
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asked for more information about how models change, how to use models for predicting a 
phenomenon, and about the limitations and the purpose of models. In these professional 
development workshops, several metamodeling strategies were suggested based on the modeling 
activities she used in the first year. For instance, related to the metamodeling knowledge about 
the limitation of models, she included in the Animal Science unit an activity in which students 
compared and discussed different models to learn about food chains and food webs. It was 
suggested that Ms. Delaney use this activity to talk about differences in models, about the 
purpose of each model and limitations of each example.  
During the third year, a three-day professional development workshop was designed. At 
this time information about the modeling learning progression, understanding, and examples of 
the two previous year’s students’ levels of understanding were provided. These data were 
presented in terms of strengths and weaknesses related to students’ models and understanding of 
modeling. These examples were used to suggest different activities that can address issues about 
the use of models for prediction and the use of multiple models to explain a phenomenon. In 
addition, I engaged in a combination of modeling CK, curriculum development activities, and 
PCK discussions. I reviewed the paper used in the first and second years of professional 
development activities. I talked about models and metamodeling knowledge, strategies for using 
modeling, and ways of enhancing students’ metamodeling knowledge. Table 5 presents 
examples of activities from the astronomy unit Ms. Delaney included in her practice and how 
they related to modeling strategies of constructing, using, and revising.  
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Data Collection 
During the three years of the project I collected data for four science units (Astronomy, 
Animal science, Electricity, and Light).
6
 Data was collected during and after the project 
concluded. Videotapes with classroom practices, interviews, and professional development notes 
were collected during the three years Ms. Delaney participated in the project. Five interviews 
were conducted after the project concluded. Table 1 presents a detailed description of materials 
collected each year and the year after concluding the research. 
I observed and videotaped each of the science units, lasting 15 to 19 days; Ms. Delaney 
audio-recorded her practices every day. Usually, I sat in the back of the classroom or on the side, 
and I moved the camera often to focus on the classroom activities and the student–student and 
teacher–students interactions. After my first year in the classroom, I became a participant 
observer. On several occasions Ms. Delaney invited me to participate in the class activities, 
sometimes providing facts that might help clarify issues related to the modeling or science 
content. On other occasions, students asked me questions about their assignments and activities.  
In-study interviews. Nine semi-structured interviews were conducted during the 
classroom enactments. The emphasis of the interviews was on the teacher’s CK of modeling and 
her PCK and they were considered part of the professional development opportunities. During 
the interview I focused on aspects of the teacher’s practice. I talked about the teacher’s current 
ideas about modeling; the modeling aspects that she thought were integrated in the unit; activities 
involving modeling that she believed went well in her practices and those that she thought had to 
be improved; and what she thought students had learned about models and modeling from their 
experiences.  
These interviews usually started with me asking Ms. Delaney to reflect on her classroom 
                                                        
6 For the purpose of this thesis the Light unit is not included in the data analysis. 
  
 
 
60 
activities, how well different activities went, what she thought went well that week in her 
practices with modeling, and what things she might change in the future. In the interviews, we 
discussed what Ms. Delaney planned to do next and how modeling might be integrated in those 
activities.  
During the first year, two interviews were conducted, and in the second year there were 
four interviews. At the end of the Electricity units, we had an informal interview. The goal of this 
interview was to discuss the scientific modeling practices presented at the beginning of the year 
as well as the four aspects of modeling the MoDeLS project embraced. We also talked about the 
idea of a “consensus model” and what was implied in the construction of such a model. 
The next meeting was before the Animal Science unit. In this case the meeting was based 
on examples of how web-chain models can be used to predict population changes and how to 
integrate this model into classroom practice. After the Animal Science unit was completed a 
third interview was undertaken.  
In the third year of the project Ms. Delaney and I met three times to talk about the units 
and to discuss future activities for the next units. The first interview was completed after the 
Astronomy unit, the second one as the Electricity unit was being enacted (at the middle of the 
unit) and the third interview was conducted after the completion of the Animal Science unit.  
At the end of the Electricity unit I conducted an informal interview. The goal of the 
interview was to discuss the scientific modeling practices presented at the beginning of the year 
as well as the four aspects of modeling the MoDeLS project embraced. We also talked about the 
idea of a “consensus model” and what was implied with the construction of such a model. The 
next meeting was conducted before the Animal Science unit was enacted. In this case, the 
meeting was based on examples of how a web–chain model can be used to predict population 
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changes and how to integrate this model in the classroom practices. After the Animal Science 
unit was completed a third interview was conducted. The last meeting, the fourth interview, took 
place before the Light unit. In this case, I discussed changes in a model and how adding more 
elements to a model can help predict other phenomena. For example, how we can use the model 
of “how we can see” to predict where the shadows will be or depending on the distance between 
the object and the source of light how large the shadows will be.  
Post-study interviews. Five semi-structured interviews that included video-clips from 
the classroom, were undertaken after the project was completed. In the first interview we 
discussed general aspects of models and modeling and how Ms. Delaney’s beliefs of models and 
modeling were changed over the years of the project. Also, we revised and discussed how 
Nelson, Beyer, and Davis’s (2008) paper on incorporating models in the classroom was used 
during the project. The second, third, fourth, and fifth interviews focused on aspects of the 
modeling practices integrated throughout the units. For example, the second interview 
concentrated on what Ms. Delaney considered were her most successful modeling practices. In 
the interview, one set of video episodes was presented. In these episodes, Ms. Delaney 
introduced and developed the modeling practice related to the topic: “Models have a purpose and 
models are evaluated by comparison” throughout the years. During the third interview the talk 
emphasized a particular modeling aspect. Also, I continued to analyze the videos presented in the 
previous meeting. Most of the interview focused on how the issues of “models have a purpose” 
and “models have limitations” were learned and integrated in the classroom throughout the years.  
In the fourth interview Ms. Delaney talked about aspects of modeling that she struggled 
with from CK and PCK points of view. Other video-clips were presented. The video had 
episodes with modeling activities such as “predicting using models.” The fifth interview 
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provided a guide for Ms. Delaney to talk about her overall experience integrating models and 
modeling practices in her classroom. The interview focused on how Ms. Delaney perceived her 
learning experience and how she might incorporate this learning in future practices. 
Video selection and clips used in post-study interviews. Three ideas about models and 
modeling for the MoDeLS project were chosen for selecting the set of videos used in the post-
study interviews:  
1. Models are constructed and used with a purpose (models have a purpose).  
2. Models change (models are constantly evaluated). and  
3. Models are incomplete representations of a phenomenon (models have limitations; there 
are multiple representations of a phenomenon).  
These concepts were parallel to the CoRe constructs proposed by Loughran et al. (2008). 
Videos from all of the science classroom lessons across the three years were observed 
and notes about the modeling activity used during those periods were considered. First, 
classroom practices that included modeling were selected based on the CK and PCK supported 
by the MoDeLS project (tables 3–4) and conceptualizations of content knowledge and 
pedagogical content knowledge of Park and Oliver (2008) and Loughran et al. (2004; 2008). 
From these classroom practices, a set of activities was selected to compose video-clip excerpts 
and to create episodes that were used in each post-interview.  
Finally, two episodes were put together. Each episode was created presenting two/three 
video-clip excerpts of 1–3 minutes each that included examples of activities that were conducted 
during different years, and/or modeling instances that were repeated in different units. Each of 
these episodes was shown to Ms. Delaney during the interviews. The main purpose of these 
episodes was to initiate the interactions with Ms. Delaney and to determine her understanding of 
models, modeling, and PCK by analyzing her own practice. Probe questions were asked focusing 
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on the description of the incident and the reasons for taking any decisions about that practice and 
the factors involved. In the following, I include one episode with three video-clip excerpts as an 
example of how the episode was used during the interviews. Table 4 summarizes the video clips 
selected, where the topic and activities came from, the modeling concepts taught during that 
excerpt, and the rational for selecting these clips. 
The modeling ideas presented to Ms. Delaney tend to be broad as a way of initiating the 
conversation with the teacher. During the interview, more or less emphasis of each aspect of 
modeling was given according to the teacher’s analysis of the selected videos
7
.  
 
Data Analysis  
To explore how Ms. Delaney’s modeling practices unfolded and changed in her 
classroom, how her ideas about science and models, and her PCK on modeling developed, I 
observed and analyzed science classroom videotapes, I analyzed professional development 
activities and informal interviews conducted during and after the units, and I interviewed Ms. 
Delaney about these issues using open questions and video clips of her classroom practices.  
The first part of the data analysis centered on the question of how Ms. Delaney developed 
and reconstructed her CK and PCK while learning about models and modeling and how it 
compared with the goals of the project. The data analysis focused on the identification of 
common patterns that emerged from the interviews, classroom practices, and notes from 
professional development activities. 
                                                        
7
 There was a need to make a judgment on the number of clips and episodes to be presented to Ms. Delaney during 
the interviews. The considerations were that the clips had to clearly identify some modeling practice and/or 
metamodeling understanding described in the MoDeLS project; in addition, the modeling practices selected had to 
repeat at least two times through the units and a minimum of four times through the three years. 
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To understand the teacher’s CK development, an initial coding system was established 
from the learning progression on models and modeling proposed by the MoDeLS’ research 
group. Three aspects of models and modeling expressed in the MoDeLS project were taken into 
account to develop categories of analysis: a) models have purpose; b) models have limitations; 
and c) models change. These categories and the codes proposed were revised and refined while 
analyzing the data. Table 2 lists the codes developed for each category of analysis. Initially, all 
the instances in which Ms. Delaney addressed a particular concept related to models and 
modeling were identified, compiled and organized based on the timeframe when the knowledge 
was addressed. Next, a judgment was made on her knowledge of each idea mentioned and the 
information was connected to the concepts proposed by the MoDeLS’ research group.  
To identify PCK components of models and modeling integrated into Ms. Delaney’s 
teaching I utilized CK codes and a modified model elaborated from the one presented by Park 
and Oliver (2008). Each of these PCK components was associated to PaPeRs. Although the 
questions suggested in these constructs were not considered in the model, they were used as 
guidance for interviews and subcategories of analysis (Loughran et al., 2004). Subcategories and 
PCK growth codes were developed based on the comprehensive literature review analysis on 
PCK described in chapter 2 and the MoDeLS suggestion on PCK growth. These initial codes 
with PCK growth were considered and revised while all the PCK science classroom episodes 
were analyzed.  
Using this approach on PCK I first identified teaching segments from videotapes that 
indicated the use of modeling and the presence of some or all of these PCK components. A 
detailed description of the episode and evidence of the PCK element shown in that practice was 
developed in terms of what Ms. Delaney and her students did. Once the PCK components 
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integrated in different practices were identified, these episodes were compared to: other PCK 
episodes, CK developed (according to what she expressed in interviews), and PCK components 
detailed in the MoDeLS project. The comparison was done within the same curriculum unit, 
between units and along the three years of the study. I assume, based on the literature review, 
that PCK components develop through time and that there are connections between the 
development of PCK components and CK.  
The PCK and CK components observed in the videotapes were then linked with excerpts 
from the interviews where the teacher’s thoughts on these developments were presented. Table 3 
illustrates the growth anticipated for each PCK component.  
The second part of the research illustrates the reasons certain aspects of PCK were 
developed and/or restructured while others were not considered in the practice. The analysis is 
focused on the classroom data while excerpts of the interviews present the explanations and 
reasoning on why these PCK components were present in the practices. Why some PCK 
components, categories, and subcategories were integrated and developed was summarized in 
terms of factors influencing PCK development. A narrative approach was used to present the 
classroom enactments and descriptions of PCK development. In figure 6 I present an example of 
the analysis of PCK. 
 
My Views on PCK 
The views of PCK held by the researcher influence the research design, methods, and 
ways of presenting results. Thus, in the following I include a description of my views on PCK 
and how these views inform the research questions, research design and analysis.  
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CK is separate from PCK but one important aspect for its development. These are not 
discrete components but very much related to each other. This led to my framing of my research 
questions and methods. For example, I included questions around the categories of knowledge 
and designed the interviews to purposefully focus on these various components. Also, the quality 
of this knowledge and how it is put into action is an important part of my background 
understandings and views, thus my attempt to study and understand the interplay between 
science CK (modeling) and PCK.  
I think of PCK as dynamic, evolving over time, and partly developed in practice. I 
included both interviews and observations of teaching practices in my data collection methods. 
Also, I undertook a longitudinal study and tried to track PCK development over three years 
because of my understanding that classroom experiences, and experiences as a teacher influence 
the dynamics of how PCK develops. Due to its complexity, developments in PCK cannot be 
observed in short periods of research involvement. The length and characteristics of the MoDeLS 
project allowed me to spend more time in the classroom to probe this assumption. Finally, my 
theoretical stand on knowledge development and reform has influenced my conception of PCK 
development. In this case, I do believe that teaching practices are changed within a community 
of practice, making a conceptual change possible. And that professional development is a factor 
in these changes.  
 
Overview 
Chapters 5, 6, and 7 present the core of Ms. Delaney’s story of PCK growth in terms of 
two questions—What did she do? And why did she do that?  
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Chapter 5 provides a summary from the standpoint of time of how conceptions of CK on 
modeling and PCK evolved through the three years. Chapter 6 presents examples of her evolving 
PCK and CK over the three years of the project implementation. The vignettes identify those 
aspects of Ms. Delaney’s practices where she changed her ideas and perspectives of science to 
incorporate a modeling perspective. How she used models, modeling, and the evolution of PCK 
and factors influencing it were integrated in these narratives. Chapter 7 presents a description of 
the challenges Ms. Delaney faced when including modeling in her practice. This chapter is 
organized based on issues related to content-specific aspects of each unit presented and modeling 
CK that was not included in the curriculum.  
Chapter 8 is a recapitulation of the PCK and CK developed taking into consideration each 
component of the PCK model used. This chapter looks backward into the PCK model and a 
redesigned conceptualization, based on the data, is proposed as a conclusion.  
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Chapter 5: 
Ms. Delaney’s Learning Trajectory: Her PCK Development Through the Project 
This is in my head. And this is becoming part of my practice. It is not just a construct for science, 
but it is a best practice for teaching.  
(Ms. Delaney, in-study interview after Astronomy unit, year 2)  
Ms. Delaney contended in most of our meetings that her understanding of modeling had 
increased throughout the years, and that her practices had changed as a result of this knowledge. 
In this chapter I use the three-year project timeline to tell the story of her PCK development. In 
the following, I present those practices where changes in PCK are evident and I describe the path 
of PCK development, connecting these instances to Ms. Delaney’s reflections. Because there 
was a difference in PCK growth within each unit she taught, I discuss modeling PCK changes 
within the unit topics as well as modeling PCK development in general. The chapter answers the 
first research question and subquestions. How did an elementary teacher develop and reconstruct 
her PCK and CK as she engaged in modeling practices? 1a) What aspects of models were 
incorporated in the teacher’s practices? 1b) What aspects of the teacher’s practices were 
changed? 1c) What modeling practices suggested by the project were developed? 
The focus is on three of the units Ms. Delaney taught during her involvement with 
MoDeLS: “Astronomy,” “Animal Science,” and “Electricity.” Even though the “Light and 
Color” unit had several activities where a modeling approach was included, I decided not to 
consider this unit since Mrs. Delaney was not involved in the design of these practices and/or did 
not modify the activities while implementing them in her classroom.   
During the first year I was involved in the MoDeLS project, Ms. Delaney and I met 
before the science units to begin to discuss scientific models, modeling, and ways of integrating 
these topics in the science curricula. The first unit she taught in this year was “Electricity” and 
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we focused on strategies to integrate modeling into this unit. Later we focused on “Astronomy” 
and left the other two units until after the end-of-year break. I used the paper developed by 
Nelson et al. (2008) as a guide to discuss the modeling practices of using, constructing, and 
evaluating models and how to integrate them as teaching strategies. From the beginning, the 
strategy of constructing “an idea model” was presented. How these models were used after this 
first instance was up to Ms. Delaney.  
 
Animal Science Unit (Animals and Their Environments) 
The Animal science unit was taught for a period of 16 days each year. In the first year 
Ms. Delaney taught this unit, she did not use modeling strategies in her practice. In the second 
year students used modeling strategies for evaluating and comparing food-web and food-chain 
models. On this occasion, students also discussed the models’ limitations. This difference in 
integrating modeling in the first and second years of teaching might be connected to Ms. 
Delaney’s growth in CK around modeling, her growing confidence on modeling as a result of 
teaching other units, and her consideration of how to transfer PCK from one unit/subject to 
others. Ms. Delaney expressed this as “There’re units where models fit better.”  
During the second and third years of the project, modeling was included when teaching 
the topic of the food web and food pyramid. While Ms. Delaney was teaching the Animal 
Science unit, we met to talk about the unit, her reflections on modeling and the activities she had 
taught to that point. She did mention a concern about this unit: “I’m thinking about models, how 
I can do better with models this time. Because I don’t see models coming in…” As she expressed 
it in this meeting, she was looking for other modeling instances that might be included within the 
topics of the Animal Science unit. She did not see the unit as supportive of other modeling 
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practices. After that, the meeting centered on a discussion of the concept of models and model 
organisms, the idea of constructing models and the limitation of those models, and how some 
examples included in the district’s unit might be considered as model organisms. I then 
mentioned the concept of model limitations and how models do not include all the components 
or relationships observed in the phenomenon. Some of the issues I mentioned related to that topic 
were discussed as follows:  
Elizabeth: You are also creating a model and it has a limitation, you cannot put everything in 
a model. That is important also, that your model has limitations and that you can 
change it.  
Ms. Delaney:  And that’s why you have different models and different purposes. 
Elizabeth:  And they are created for a purpose, they describe some things but not others. 
Some days later, Ms. Delaney had two books in the classroom (see Figure 6). One had an 
example of a forest food web (see Figure 7) and one had a picture of a prairie food pyramid (see 
Figure 8). She asked the students to compare both models. First, she directed them to focus on 
the analysis of one of the components of the model, the plants. Ms. Delaney asked the students 
where the plants were located in the models. Then, she indicated that “the plants are really the 
foundation of a food chain, and I think this model [the food pyramid] shows that better.” Then 
she asked students to tell “which model speaks to them and why, why did they like that model.” 
Then the students compared both models and talked about the relationships among the 
components. For example one student mentioned: “I think the pyramid doesn’t have arrows. I 
can’t understand it without arrows. It’s like [organisms] at the top eat everything that comes 
under.” Also, while evaluating the models, students focused on what was clear, more organized, 
or easy to understand for them. However, when Ms. Delaney asked students to mention some 
limitations of the models; she guided students to analyze the models based on what they thought 
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models “cannot do.” This question scaffolded students to concentrate their analysis on 
relationships instead of what they “like” or “dislike” about the models. For example Marty said,  
“They didn’t draw arrows [on the food pyramid], how do I know that monarch butterflies eat on 
that plant. On the other one [the food web], it shows the direction, the direct connection which 
one eats what.” 
As a conclusion of the analysis Ms. Delaney connected the idea of model’s limitations 
with the understanding of the purpose of the model by summarizing what students were 
mentioning in relation to the food pyramid (see Figure 8):  
There is something that you have to pay attention to when you are comparing the two models, this 
one [pyramid] heads on the idea that plants are the foundation of all food chains, and the 
pyramid shape tells you that there have to be so many more plants to support the animals that eat 
plants and all the animals that eat the animals that eat the plants. Plants are the biggest thing in 
the ecosystem. That’s why it is at the broadest part of the pyramid. This picture is symbolic of 
how many plants there have to be. And you don’t get that idea from this [forest web]. This is also 
symbolic of how many carnivores there are at the very top of the food chain. And you cannot get 
that from this (web). From this model you can say, OK there are equal numbers of herbivores, 
carnivores, and plants. Not true! Right? 
The idea, discussed during our meeting, that models have limitations was integrated as 
part of the lesson. Ms. Delaney spent considerable time during the lesson listening to students’ 
ideas about why one model has advantages in relation to the other. On this occasion, she was 
able to guide the discussion to the relationships among the components of the models, for 
example, what organism eats what organism. Thus, the model was used to learn the scientific 
content; however, metamodeling ideas such as when you might use a model based on their 
limitations were not discussed.  
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During the model analysis, one of the students asked if an animal was an omnivore, 
where would that animal fit into the models? This allowed the class to think of the models from 
other points of view analyzing them and even proposing changes in the models as a way of 
fitting this new information. This showed students’ questioning as something that might assist in 
teachers’ PCK development.  
In summary, Ms. Delaney had the intention of including modeling strategies in this unit. 
She used her understanding of the purposes of modeling and the limitations of models to 
translate them into strategies to encourage students to compare and evaluate models. She 
concentrated these evaluations on the relation among components and was well enough aware of 
them to guide the discussion so that it centered on these issues. She embraced students’ questions 
and suggestions in her practice to allow them to consider how models change when new 
components are added to the system. In this, Ms. Delaney showed her understanding of models 
as a flexible tool that can change and improve their explanatory power and, at the same time, 
maintain the purpose of the model—as when students asked how to integrate the concept of 
“omnivore.” This question generated whole- and small-group discussions about both models.  
The pyramid model has limitations in explaining how an omnivore population can be 
added to the model. Ms. Delaney allowed students to discuss this situation; however, she did not 
follow up on the discussion or explain to students how and why the models did/did not allow 
inclusion of a new organism. In other words, she introduced this modeling strategy in her 
teaching, but the details and the reasons for these limitations were not yet included as part of the 
discussions. She saw the strategy of evaluating models based on advantages and disadvantages as 
a meaningful moment for the students to develop higher-level thinking about the content.  
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Ms. Delaney embraced this strategy—analyzing models based on advantages and 
disadvantages and comparing them—and included it in her practice for the project’s third-year 
cohort; yet the metamodeling aspect of it was not embedded in that practice. That was evident 
when, during the third year, Ms. Delaney pursued the goal of evaluating models but the 
intricacies of what these limitations intended were not included. And because students did not 
bring the same situations as in the second year, the discussions about changes in models to 
include other data were not considered.  
 In the third year of teaching, students compared a food-web model they constructed with 
the forest food-web model. Again, in this year the model was evaluated based on its key 
components and the relationships among the components included in the model. The class 
discussion about advantages and disadvantages of the models seemed to focus on what clearly 
communicated understanding for students, based more on aspects of completeness of the models 
rather than relationships among components. This focus on evaluating models based on these 
characteristics might be the result of the construction of one of the models by the students and 
the omission of some key relationships among the components (i.e., arrows showing connections 
among population) (see Figure 9). However, the comparison allowed students to realize this 
situation. In this context, students did not consider the case of omnivores, and Ms. Delaney did 
not raise this issue while comparing models. The next classroom discussion exemplifies the 
above:  
Ms. Delaney: OK, I want you to discuss the advantages and disadvantages of these two models 
(showing the lizard model they built, and the forest food web) in your groups. Both 
are food webs, right? What is an advantage of this model? What is a disadvantage 
of this one over this one?  
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Vinnie: I kind of agree with Cathy, not because the arrows are backwards but because 
there is so many colors, and you have close up and know what the colors are, but 
here [lizard food web] you can know without reading anything. 
Ms. Delaney:  Are there any advantages at all of the forest food web [model]? I want to hear 
what the advantages of that one are. Because to me I thought color was an 
advantage but for you it was another layer of… more words. 
Clarisse:  I think the forest one is better than the one we did because that one [forest web] 
may be cluttered, but if you look closely at the one we did you think the horned 
lizard also eats the hawk and the bears, and the coyotes.  
Ms. Delaney:  We don’t have any arrows! And because we don’t have any arrows this one is not 
very clear. 
Student 1:  Or complete 
Student 2:  Or complete, the arrows are very important.  
(From Astronomy unit, year 3) 
During this third year of the unit’s enactment, Ms. Delaney asked students not only to 
evaluate models but also, based on the data she provided, to construct two food-web models. 
Both models were about invasive species and their relationships with native organisms: one 
example, with fire ants (i.e., invasive species) and the horned lizard (Figure 9), the other with 
Asian carp (invasive species) and different river fish. In the activity, she asked students to use 
one of the models constructed as a frame to build on the other, talking about similar relationships 
that occur in different situations. Although Ms. Delaney did not discuss in detail the reasons 
students could use the same frame to build the other model, this showed how the teacher’s 
understanding of how models can be used to generalize the behavior of similar phenomenon 
(e.g., two types of invasive species; CK on modeling) started to translate into PCK and was 
included in the practices.  
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Ms. Delaney’s knowledge about the purpose of models and the interplay between the 
model, the data collected, and its relation to the phenomenon modeled developed during this last 
year of her involvement with the MoDeLS project. The PCK related to this concept was evident 
when teaching the concept of form and function. Ms. Delaney modified an activity, designed for 
the IQWST unit (Tzou et al., 2003, March), whereby students used spoons, tweezers, 
eyedroppers, and pliers to collect elements from different environments, e.g., boxes with rubber 
bands, graduated cylinders with water, bowls with sand and marbles, and containers with water 
and small balls. This model simulated different type of beaks, different environments, and 
various food types. The goal was for students to collect data on how well a tool performed 
collecting elements in those different environments. For instance, it was expected that the 
eyedropper would suck most of the water from the cylinder but not be able to collect balls from 
the sand or rubber bands from the box with holes. This tool was a model of a bird beak, i.e., a 
hummingbird, which drinks nectar from flowers. Students were supposed to be able to translate 
the information obtained within this model by connecting the data and writing about real 
phenomena. Ms. Delaney scaffolded students in the process of connecting the model to real 
phenomena.  
The next discussion explores Ms. Delaney’s PCK around modeling, her instructional 
strategies and knowledge of the curriculum: 
Ms. Delaney:  So, tell me what did you discuss in your groups? How can you support the fact that 
certain bird beaks are better suited to certain environments?  
Cathy:  Seeds and nuts.  
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Ms. Delaney:  So in the conclusion, do what Cathy did. But translate the model into real life 
because we are not with birds out there with pliers and marbles (laugh). OK. I 
want you to understand what the model stands for. Who has a different example? 
(From Astronomy unit, year 3) 
 In summary, Ms. Delaney was able to develop her PCK and her modeling CK while 
teaching the Animal Science unit. She embraced the PCK strategy, analyzing models based on 
advantages and disadvantages and comparing them, and included it in her practice for the third-
year cohort. Some of the intricacies of how features of CK on modeling and PCK on modeling 
were connected were expressed in Ms. Delaney’s reflections about the practices, what she was 
learning about models, and what I observed in her practices. Her PCK growth took time and it 
was a conscious effort from the teacher.  
Two aspects were salient and seemed to aid PCK development in this science unit. One, a 
growth in the teacher’s modeling CK: she developed, in this situation, her CK about models as 
scientific knowledge, expressing understanding of models’ limitations and the idea of the 
“purpose of models.” The advance of CK was coded at the level 2 in the category of analysis 
developed for the teacher’s CK on modeling component (Table 4). Ms. Delaney also expressed 
her scientific knowledge of models as a process on a level 1 for models’ limitation and at the 
same level for the purpose of models. 
The other feature connected to her PCK development was students’ inquiry and reactions 
to the proposed activities. Although students’ quality of questioning definitely shaped the PCK 
Ms. Delaney used in the classroom, it seems that much of what aided her PCK development was 
related to her ability to reflect on and use the salient features of these interactions in future 
discussions with other groups of students. Other authors have suggested there is a connection 
between students’ questioning and teachers’ PCK growth (Park & Oliver, 2008). While I do 
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agree that students’ questioning influenced PCK organization and validation, I believe PCK 
development attached to students’ challenging questioning is more complex and intricate. I 
found that, as did Park and Oliver (2008), what these authors called reflection-on-action is 
important and connected to PCK enhancement. However, I believe these reflections on the 
practice only allowed her to perceive the context of these challenging practices as different and 
more is needed for PCK growth. While reflecting about the practice, it is necessary that the 
teacher embrace the particular context as an opportunity for PCK growth. To do so, CK growth 
has to occur. Also other components related to PCK are in play, for example the teacher’s 
purpose of the activities and the knowledge of the curriculum.  
In the case of Ms. Delaney, reorganization and validation of PCK linked to students’ 
questioning were connected to her previously developing CK and her purpose in the lesson. 
When she was confident in the knowledge and the purpose of the lesson connected to students’ 
discussions, she acknowledged students’ inquiries and included them as part of her practice. This 
is evident in the practice when she included in the activity the discussion about omnivore 
organisms, but she dismissed the discussion of relationships between spiders and fire ants 
because it was not the purpose of the model or the lesson.  
 
Astronomy Unit: Our Place in Space 
This unit lasted 16 days. The emphasis was on concepts related to the positions of the 
sun, moon, stars, and planets as well as the observable changes and apparent position of the sun 
in the sky in the different seasons. During this unit Ms. Delaney emphasized the explanations 
related to seasons, moon phases, and the relative positions of sun, moon, and earth.  
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Ms. Delaney presented and used several scientific models for this topic. One of her 
practices emphasized in this unit was the idea of constructing, revising, and re-designing models 
based on new information. Students used their models to communicate their understanding of the 
topics. She also used the models as a way to evaluate students’ understanding.  
Activities like the apparent movement of the sun, causes of seasons, and assessments for 
moon phases and seasons integrated modeling and they were used with all three student cohorts. 
Repeating these activities through the years permitted Ms. Delaney to improve and refine her 
PCK, and the CK around modeling linked to them. There were some changes between the first 
and second year of enactment in how Ms. Delaney used the modeling strategies for constructing 
and using models. In the first year when teaching the apparent movement of the sun in the sky, 
she requested students to construct a model. She asked them: “If I ask you to consider a 24-hour 
period and make a model, have an idea model of how to represent a 24-hour period, just sit and 
think for a minute what would your idea model look like?”  She guided students in drawing their 
models by stating that the purpose of the model was as follows:  
“Some might be thinking of a clock but that is definitely not the kind of model I want you 
to think of, I want you to think of a model in terms of today’s lesson, in terms of the sun 
and the earth and how would you represent a day with a drawing including the sun and 
the earth.” 
In the next year the activity was also included in the unit and she asked a similar 
question—to construct an “idea model” of this movement. In this instance, Ms. Delaney 
provided students with some elements and the relationships among elements that they should 
include in their drawings. This unit was one of the first units taught in the second year and this 
might account for her move from an open inquiry to more guided modeling. Later in the second 
year of this unit, Ms. Delaney discussed with students whether certain elements were needed to 
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build a model. When, for example, she requested the students to construct an idea model to 
explain the causes of the seasons, Ms. Delaney asked them whether they thought the moon was 
necessary to build this model. This is an example of metamodeling understanding that was 
embedded in the practice as well as PCK development.  
The apparent movement of the sun’s activity was linked to the construction of other 
models where students collected data on the position of the sun at three different times of the 
day, usually one to one-and-a-half hours apart (see Figure 10). These activities were repeated 
during the third year of the unit’s enactment. However, it was during the third year, where these 
practices and other activities about shadows were connected, that the purpose of all of these 
models was expressed in the same way: showing the apparent movement of the sun in the sky. In 
the third year of the Astronomy unit, these practices also were linked to explaining the seasons. 
Here as well, three models were related to the same purpose: the Styrofoam balls and globes 
students used for showing what causes the seasons; the trace of light on a paper, where students 
delineated how scattered the light was when a flashlight was positioned in an angle versus 
straight up; and a third model, where students positioned three thermometers and “stick persons” 
on a globe, one on the northern hemisphere, one on the southern hemisphere, and one on the 
equator. Students positioned this model in front of a heat lamp and measured the temperature at 
the location the stick persons were situated while the globes were arranged for winter and 
summer seasons (figure 11). It was during this time, the third year of enactment, that the 
construction and use of models was linked to data collection: for example, collecting data of the 
position of the sun at different times of the day (figure 10); data about seasons and temperatures 
(figure 11); and constructing a model of moon phases based on the moon observed (figure 12). 
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Ms. Delaney began to talk about how multiple models can be used to communicate 
understanding of the same concept when we met at the middle of the Astronomy unit in the 
second year. These modeling concepts had begun to be integrated in different teaching instances 
during this year: as mentioned above, as well as in one particular activity where she showed 
students different models that can be used to talk about seasons, and then proposed that the 
students examine a model that she had built with the meridians, a string, and an embedded tilt 
(see Figure 12). Moreover, it was during the Astronomy practices during the third year of the 
project that the pedagogical strategies Ms. Delaney tried in previous years were refined.  
A path of PCK development connected to CK growth around modeling became evident 
in this unit. Ms. Delaney developed her CK on the purposes of models and their limitations and 
teaching strategies related to these concepts were put into practice (years 1–2). The practice, and 
sometimes students, validated the PCK she was developing and they were used in years 2 and 3. 
Other CK was developed, for example, the idea that multiple models are available and can be 
used to teach a concept, and combined with previous concepts about models’ limitations. 
Moreover, in this cyclical way, her PCK was probed, and when perceived as workable, is refined 
and later used.  
On some occasions, activities that had been previously used with a more traditional style 
were changed to include a modeling approach. For example, Ms. Delaney proposed to use a 
journal for students to observe and track moon phases during the second year the unit was taught. 
At this time, the purpose of the journal was for students to record the phases and their names. 
This instance exemplifies how the journal was used:  
Ms. Delaney:  Can someone describe what we saw last night? 
Ann:  Like… what you said yesterday. 
Ms. Delaney:  What did I say yesterday? 
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Ann:  That it will be like really skinny. 
Ms. Delaney:  Skinny? What do we call that phase? 
The purpose and how the journal was included changed in the third year. Students 
observed and drew the moon in their journals, talked about what they expected to see the next 
time they observed the moon, and used the information to discuss the moon cycle. In the course 
of this discussion, they revised their models and added more information (days for each phase) to 
make the model clearly communicate understanding about the length of the cycle.  
 Ms. Delaney considered models as a tool for assessing students’ understanding from the 
start of the project. Two ways of assessing students’ conceptual knowledge were considered. She 
used idea models as a way to understand students’ misconceptions. The construction of these 
models allowed her to get a detailed insight into each students’ initial understanding and their 
reasons for those ideas. The other method used Styrofoam models as an assessment tool. In that 
case, Ms. Delaney gave students the balls and asked them to model the causes of the seasons and 
moon phases. This type of assessment changed from a teacher-directed style, where Ms. Delaney 
gave the elements and asked students, e.g., “Show me summer in the Northern hemisphere,” to a 
student-centered activity where they had to select the best model to explain seasons among 
different options. On these occasions, Ms. Delaney also asked the students the reasons they had 
for selecting that model and not another; opportunities for discussions of metamodeling were 
generated in these assessments.  
 Over the years Ms. Delaney grew in metamodeling understanding and in incorporated 
thus understanding in her PCK. Thus, at the beginning of the project, on two different 
occasions—once during the Animal Science unit and the other while teaching Astronomy—she 
asked students to think of different models and to define models. In the following year she 
shifted the class to a discussion of the purpose of models, and in the third year these discussions 
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were embedded in the practice and not just as a separate topic. For example, after one student 
explained his model to her she mentioned, “See, you are using your model to communicate your 
understanding.” However, advanced metamodeling PCK was not included in her practices.  
 The MoDeLS project suggested students construct models as a way of communicating 
their understanding of a phenomenon. Over time, this strategy became one of the primary 
sttrategies Ms. Delaney used for understanding students’ initial knowledge. Students showed 
their misconceptions within their first models; subsequently Ms. Delaney would work on the 
development of their knowledge, and then the students would explain how their understanding 
had changed. Ms. Delaney always asked students for a written explanation of the models. She 
saw value in such writing as a way of explaining in more detail a drawing that might not have 
been very clear or easy to understand. Thus, for her practice, the idea of constructing a model as 
a way of communicating understanding was modified, and a second step in the modeling was 
added where students explained it in written form. The strategy was included from the first year; 
however, the approach was adjusted once she found that some students were not only explaining 
the models but also giving a reason why their models were revised and modified. Ms. Delaney 
took these examples as exemplary work and encouraged all the students to do the same. From 
that moment, this became a feature embedded in modeling construction–revision and was 
included in every topic and practice.  
Even though Ms. Delaney embraced this strategy and included it in her repertoire, she did 
not use these instances as opportunities to discuss modeling strategies or metamodeling 
knowledge. For example, she did not discuss how students’ revisions of their models related to 
changes in modeling understanding and/or is connected to changes in conceptual understanding. 
Usually, after several revisions, Ms. Delaney presented a model with the current scientific 
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explanation on the topic. She usually introduced these models as: “This is the truth about 
seasons” or “This is the true explanation about moon phases.” After that she asked students to 
revise their models and to make sure their final model was as the “true model presented.” 
However, when this last model with the scientific understanding was presented, students often 
copied it in their journals without making connections to how similar or different this model was 
in comparison to their last revised versions.  
 
Electricity Unit: Electricity and Magnetism 
This unit was implemented for 13 days of the school year. Activities that included models 
were conducted in 7 of the 13 days. The goal of one of the activities was to light a light bulb. Ms. 
Delaney asked students to draw a model of how, using a wire and a battery they would light a 
bulb; they then tested and reviewed the model. For the purpose of learning about parallel and 
series circuits students created models, tested their ideas, and as a whole group compared, 
evaluated, and discussed which models worked and which ones did not work. Ms. Delaney 
provided an explanation of circuits and give different examples of models that work and did not 
work and asked students to test their own models. The models were used as part of the 
performance assessments. For example, she asked students to construct a model for lighting a 
light bulb. For the formative assessment, she discussed how the models are used to predict and 
handed-out a sheet with different drawings of circuits, called a “prediction sheet,” for students to 
work on. For each of the models, students decided whether the light bulb would light and then 
tested their ideas. In this unit, as in the other science units discussed above, constructing models 
and using them to communicate understanding and evaluating models based on strengths and 
limitations are evident.  
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Summary 
In conclusion, there was a connection among CK development and Ms. Delaney’s 
developing PCK. She developed her CK on models and modeling and translated these 
developments into her practice, reconstructing her PCK as she engaged in modeling activities. 
Some activities were maintained through the years while PCK features were redefined. In all of 
these situations, there was a need for the CK to be integrated into practice activities and the new 
and/or refined PCK features. Details on the aspects of modeling incorporated in the practice, 
research subquestion 1a, more details on how the practices were changed (subquestion 1b), and 
what modeling practices suggested by the project were developed (1c) are detailed in the next 
chapter in the narratives selected.  
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Chapter 6: 
Stories of Change: Understanding Models, Modeling, and the Modeling Approach of 
MoDeLS 
This chapter presents some examples of Ms. Delaney’s teaching of modeling in her 
science classes. Each story is a glimpse of an “aha moment,” as Ms. Delaney called them. These 
were moments where Ms. Delaney’s undertanding of modeling, her comprehension of the goals 
of the MoDeLS project, and her teaching practice intersected and aspects of her developing PCK 
around modeling became apparent. The narratives are organized in three areas where PCK 
developed in connection with different aspects of modeling practices. First, I write about the idea 
of constructing and using models to communicate conceptual understanding and how Ms. 
Delaney used this construct in the classroom to develop aspects of PCK. Then, the examples 
show how Ms. Delaney used the strategy of comparing models for students to connect different 
scientific understandings. Finally, I illustrate a social aspect that was connected to the concept of 
constructing consensus models. This chapter answer the research questions 1a, 1b, and 1c, What 
aspects of models were incorporated in the teacher’s practices? What aspects of the teacher’s 
practices were changed? and What  modeling practices suggested by the project were developed? 
 
Constructing and Using Models to Communicate Understanding 
Using models was part of Ms. Delaney’s classroom practices, particularly when teaching 
the Astronomy and Electricity units. But, her approach, according to her own narration, was 
traditional. She used the models as a tool to show students the current scientific understanding of 
the topics. On the other hand, the MoDeLS provided her with other teaching strategies and a 
conceptual understanding of models and modeling. The first aspects of modeling discussed in 
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our initial meeting, before starting the project, were the modeling strategies of constructing, 
revising, evaluating, and changing models and how they were interacting and connecting.  
Initially, models were used with the purpose of communicating understanding. At the 
beginning of the project, models were used to communicate understanding between teacher–
student/students. Later activities in which students had to use models to communicate their 
knowledge to peers were more often used in the classroom. 
Constructing models was the first of the modeling activities implemented in the 
classroom. The teacher included the strategy of “constructing an idea model” and then revising 
this idea. During the first year of teaching, these activities were included in the Electricity, 
Astronomy, and Light units, but not in the Animal Science unit. However, it was not until the 
Astronomy unit, the third science unit of the year, that these activities started to show as a PCK 
growth. The evolution of this process is interconnected between classroom practice validation, 
evolving knowledge about models and modeling, and students–teacher interactions. The 
following stories show some of the intricacies observed in this process and explained by the 
teacher.  
Draw an “idea model.” One of the goals of the MoDeLS’ project was for students to 
engage in modeling activities to communicate their views and understanding of a scientific topic. 
An example of an instructional strategy that provides students with opportunities to express their 
views on a scientific topic was constructing models called “idea models.” In these models, 
usually drawings, students expressed their initial thoughts and conceptions about the topic. 
Students in Ms. Delaney’s classroom often drew these initial models before there was any 
discussion of the topic. Sometimes, students discussed their ideas with classmates or in the case 
of the Astronomy unit, students constructed models with Styrofoam balls before their idea 
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models were expressed in their journals. Ms. Delaney expected students to apply learning from 
the previous year to construct these models, and she anticipated that the idea models would show 
students’ misconceptions.  
Most of Ms. Delaney’s classes, when she introduced a new topic began as follows:  
The science class is beginning. Ms. Delaney is getting ready, and she is looking for her bag 
where she has Styrofoam balls and flashlights. Some of them will represent the earth, the smallest 
ones the moon, and the flashlight the sun. The students are getting organized…. Students in 
previous classes had discussed seasons, but they had not talked about the moon or moon cycle. 
This is the first class in which the topic is introduced. Ms. Delaney is writing a heading on the 
board: “Idea model for moon phases.” She turns to her students and says:  
I want you to open your journals, go to a clean page, and draw an idea model for moon 
phases. You need this heading and today’s date. I’ll give you some time to talk in your 
groups and some time to draw. Then I’m going to give you some materials to look at and 
then I want you to have the real deal, the truth on this. OK? I want you to discuss, talk 
about what the drawing will look like. 
While students are getting their first model ready Ms. Delaney is going around the 
classroom. She is looking at what students are drawing, what they are writing, and sometimes she 
is asking students for clarification: “What does your idea model say? … I don’t want to give you 
the answer, I want you to think.” Students ask for more time to complete their models. While they 
are finishing putting their thoughts on the paper Ms. Delaney is talking to them: “Ah, I like the 
details some of you are getting in your idea models; some of you are putting sentences on the 
side, definitely! You are labeling what’s the earth, what’s the sun, what’s the moon…”  
(From Astronomy unit, Year 1, Day 5) 
At the beginning of the project, Ms. Delaney did not see using the notion of “idea 
models” as a strategy different from other teaching strategies she had been using for teaching 
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science. It was something that she had not considered before. However, as Ms. Delaney engaged 
in this modeling practice, she saw in these activities opportunities to understand students’ 
misconceptions first, and the progress in students’ learning later.  
Once Ms. Delaney learned to value the activities as a way for students to express their 
initial thoughts and understandings of a concept, constructing idea models was included in her 
science practice with a more definite goal. Drawing this initial model, and the cycle of model 
revisions provided a teaching tool that allowed the possibility of students expressing their initial 
thoughts on a topic, for students to show how those concepts evolve through time, and for the 
teacher to promptly evaluate the level of conceptual understanding of her students. As such, 
modeling started to be integrated in her PCK. She expressed her thoughts about this during one 
of our after-class meetings:  
Elizabeth: What do you think about the modeling practices and the activities integrated with 
models in comparison with the activities you did before we met?  
Ms. Delaney: Like two years ago? 
Elizabeth: Yea!! If you remember… 
Ms. Delaney: I remember thinking, OK a model, a model is a model and I use models anyway. 
And so I will keep doing what I was doing but with models. And then, the evolution 
of my thinking came as I was realizing that when I see the kids’ idea models it is a 
way for me to see where their perceptions are, and evaluate what I need to do to 
undo, you know, certain misperceptions. If I just put the model on the board with 
the right thing—that is the way the [district] units are written and, you know, teach 
from the textbook… It is the method recommended, showing them the truth and 
then move on.  
I’m beginning to believe that kids will not remember or own it unless they 
have a cognitive shift and the evidence of that shift is in the drawings and the 
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captions. The explanations of that drawing, I don’t have time to sit down with 
every kid, I rely on those pictures and explanations.  
(In-study interview, after Electricity unit, Year 2) 
In one of our meeting after the completion of the project Ms. Delaney mentioned that:  
When I ask the kids to draw a model it gives me a starting place to look for 
misperceptions and then as a performance assessment, not a performance assessment but 
as a midpoint assessment. I can see through the details and the drawings and the labels. I 
can see if they understand the concepts, and there again I can identify misconceptions … 
using different models…  
(Post-study interview 3)  
On another occasion she clearly expressed her thoughts about her practical issues 
around idea models as follows:  
Through the drawing I can see clearly what they might explain in a paragraph. Yet I can’t let 
them off of the hook for not writing anything at the bottom, you know, a caption. But still, I really 
do want to teach the kids to make a complete drawing and then to write a complete entry about 
what the drawing is about. Because even then you get some misperceptions, you see these 
perceptions that are interpreted through the writing when you might have assumed they 
understood in the drawing. I think it is really important to write about what they have drawn in 
depth and have a thought about it. Draw it and then describe it: “I was surprised…” I think the 
most beautiful entry is “I used to think dadada, but now I know dadada.”  
(Post-study Interview 4) 
Originally, the modeling strategy of constructing and/or drawing initial models was 
considered as the same as her other strategies before MoDeLS. Once she implemented this 
strategy and learned more about the CK of modeling she began to perceive the differences 
between the MoDeLS strategy and the other activities she had used previously. Ms. Delaney 
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understood how this strategy was a way of learning that was “deeper” in a cognitive sense, she 
started to accommodate the teaching around it while solving pedagogical issues generated in this 
new practice.  
The next story gives examples of how the process of revising models was included in her 
teaching, what issues, from a pedagogical point of view, were presented and solved, and how 
students–teacher interactions helped the teacher improve the practice.  
Changing thoughts, showing learning. Once the initial model was constructed, students 
worked in a cycle of model construction–revision to approach their understanding to the current 
view on the topic. That cyclical process allowed students to show their evolving understanding. 
Ms. Delaney’s thoughts about the process of revising models came together in one of our last 
meetings: 
I like having a record of [the students’] ideas and then often, a revised model, but if it is a third 
time then it’s copying on the board. Because I eventually have to tell them this is the phenomenon 
after the lesson. But, I find the whole journaling process a very charming and precious way of 
capturing a 9-year-old’s thinking. And in terms of a model, the first model, the idea model, it is 
fundamentally wrong, most of the time. And then you see… I like having the drawings; it involves 
the kids in doing something rather than just passively listening. And then they go back to their 
journals to recreate a new model, and they are exercising that way of thinking. Applying is the 
next level of thinking and then the last part is writing.  
(Post-study Interview 2)  
Three issues emerged from including these modeling strategies in her practice. One was 
related to the organization of the activities and how to distinguish students’ revised models, but 
yet a work in progress, from the scientific model; showing that one of them might not be 
accurate while the other represents the current views on the phenomenon. The second issue 
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related to the teaching process and how to scaffold students to revise their models while using a 
modeling approach. The third issue emerged from the necessity for students to reach a level of 
understanding close to the scientific model of the phenomenon. These issues and how Ms. 
Delaney tried to solve them are described next.  
“Idea model,” “revised model. Ms. Delaney considered this a pedagogical problem not 
only for her, but also for her students and for their parents. When talking to students she said on 
several occasions that parents should be able to see and clearly identify in their journal the 
students’ views and their learning progress from the “scientific view.” Ms. Delaney solved this 
issue by making sure students organize their work very clearly, asking them to label each model 
and writing sentences explaining their models. She stressed the use of these labels: “Initial 
model,” “Revised model 1,” “Revised model 2,” etc. She also told them what was expected of 
each version of the models. For example, the idea that the initial model expressed students’ first 
thoughts on the topic and that these concepts were expected to change during the lessons was 
discussed in Ms. Delaney’s classes. Often there were dialogues like this one between Ms. 
Delaney and some of the students:  
Ms. Delaney: Tell me about this moon. (Rosario looks at the teacher and hesitates to answer. She 
doesn’t seem too sure of what she was drawing and starts to erase it.)  
Ms. Delaney: Don’t erase, draw a line and do a revision down here.  
 
At the same table, other students are drawing their idea models. Ira mentioned the following 
about her model:  
Ira: Mine [the model] is not exactly correct! 
Ms. Delaney: It’s just an idea model, but I don’t see that label on your page. Pointing at the 
board she said: “See the brown writing? ‘Idea model of the moon phases.’”  
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That will remind us that it might not be correct, because it is an idea, just a 
working idea. All right, re-draw it down here. This is actually good for me, Ira, 
because it’s showing how your thinking is changing. It’s like writing: you don’t 
like what you write, so you revise it.  
(From Astronomy unit, Year 2, Day 6.) 
The labeling of models was required from year 1 of Ms. Delaney’s teaching with models 
and for all the science units taught. However, it seems she recognized this organizational 
strategy: she was able to explain it better in the second year of working with modeling. For 
example, in the second year of teaching with models after the Astronomy unit had finished and 
while Ms. Delaney was teaching Electricity, the next science unit, we met and talked about 
changes she made in the curriculum from the previous year. We discussed what she had learned, 
activities she had put into practice, and challenges she thought she might have when teaching 
with modeling. One of the topics mentioned was revising models and Ms. Delaney mentioned 
this: 
The thing I’m doing different this year from last (the teacher stressed this word) year is a 
distinction between the first model and the second model with the label of it, it may not be using 
the terminology that was in the grant; but it make sense to me, “idea model” and “revised 
model.”  
(In-study Interview, Electricity Unit
, 
Year 2) 
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In the practice this was demonstrated as follows:  
Students are constructing models and working with Styrofoam balls to model the causes of the 
seasons. This is the second class period. They are arranged in small groups discussing the topic. 
Browsing around the class, Ms. Delaney find one student who has a very clear understanding of 
seasons; she asks Ira to show and demonstrate her model to the rest of the class. After Ira’s 
explanation, Ms. Delaney mentions that the tilt of the earth is very important and a fundamental 
concept to understand seasons. At this moment she says to her students:  
If you have a fundamental change in your first idea model go to a new page, don’t erase 
the first model, that shows where you started. Go to a new page and write: ‘Revision.’ 
This is for those of you who had a fundamental ground-breaking change in your idea. 
OK? If you are sticking to your idea go back to your first idea and write a sentence. Ira 
for instance looks like she’s not changing her first idea, but Roxanne is changing her first 
idea. You need a caption, label, and sentences explaining your idea. (From Astronomy 
unit, Year 2, Day 7) 
 In addition to constructing the initial model, Ms. Delaney considered the iterative cycle 
of model construction, and particularly revision, as a powerful tool for evaluating and keeping 
track of each student’s learning progress. Within this strategy Ms. Delaney included writing 
strategies she used in social sciences units. The idea of writing an explanation of the model 
allowed her to understand students’ thoughts where the drawings might not have been clear. 
Usually, her requirement for the students was to write a sentence explaining their models. This 
strategy was refined with the input of students’ work at the end of the Astronomy unit with the 
second cohort of students. The following transcript shows this change: 
Day 15: The science unit is almost over. Ms. Delaney evaluated the students’ science journals 
over the weekend. She made a chart with the highest score possible for each activity evaluated. 
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She also put sticky notes in those journals that weren’t complete for students to revise and check 
their work. She has several examples where students have done “exemplary work.”  
Today, she is starting the science classroom by showing her class these journals. She 
explains to students why these classmates have high scores in their grades. Ms. Delaney pulls out 
one journal from her pile and says to her students: I wrote to him “I see the evolution of your 
thinking.” It’s very clear in his journal to see what he was thinking.  
Ms. Delaney is going around the tables showing students different pages from this 
journal. She mentions: “He [the student] went from not knowing much, to having it wrong, to 
having it right. “Now, Saida… where is that?” (looking for her journal)…Looking at Saida she 
says:  
Your headings are so crystal clear! Look everybody! I want to encourage everyone to do 
what Saida’s doing. She has a model, the first one. Usually our first idea models are not 
very clear. I see a sketch with a lot of words, and another sketch, and yet another sketch 
and then when I read the caption it said “I don’t think my revision is correctly drawn 
because the north pole, ice and snow is going to be melted if the earth tilt will be like my 
drawing. 
She knows it’s not right and she writes about the limitations of her model. What she is doing 
instead of X-ing it out and moving on, she is putting some thoughts into why this is… why this 
doesn’t work. She is thinking about the limitations of her model and she is writing a sentence 
about that. So I can actually get inside her head for a moment and see what she was thinking 
because she wrote it all down. That’s why in the score sheet I wrote “I appreciate your sentences 
describing the limitations of your models. You are very thoughtful and stated this well. I want 
this! I wish everyone would do this. Think about that and write to me…”  
(From Astronomy unit, Year 2, Day 15) 
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The above transcript illustrated how students influenced Ms. Delaney’s practice by 
providing ways of improving her strategies. Ms. Delaney combined the modeling strategies 
proposed in the MoDeLS project with her writing strategies and her progressive beliefs about 
teaching. This “discovery” was made with the input of students’ work. She took the students’ 
ways of describing how and why their models were changing as an exemplary activity and 
encouraged everyone to follow that pattern. In future activities she asked for specifics about what 
had changed in the students’ revised models or asked them to describe what they learned that 
prompted a models’ revisions. Now students had to explain the reasons their models were 
evolving and changing or what aspects of it were changed and why.  
 Scaffolding students’ modeling of construction–revision. Another issue that emerged 
from the iterative cycle of model construction–revision was related to how Ms. Delaney 
introduced new components, or data. How to propose that students test their models and compare 
them with real phenomena in order for the students’ initial models to evolve towards a more 
scientific interpretation of the concept.  
 Ms. Delaney solved some aspects of this problem within the Astronomy unit. It was 
unsolved in the Electricity unit and not discussed in the Light and Animal Science units. In the 
case of the Astronomy unit, she had to make sure that her students recognized there were 
components missing in their models; for example, the tilt of the earth was absent in most of the 
students’ initial models of what causes the seasons. Ms. Delaney also had to make sure students 
solved issues of misunderstandings in some interactions within their model, e.g. students 
believed the orbit of the moon was circular and close to the earth; the moon’s cycle was a week.  
Solving these issues required that Ms. Delaney know of and use different strategies to 
introduce the new aspects of the topic while maintaining the inquiry-based and modeling-based 
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approach of the activity. In her practice, this was solved differently. In some cases, Ms. Delaney 
used discrepant events in the Astronomy unit of the first year to show students that the different 
seasons are not caused by being closer or farther away from the sun. In other cases, she asked 
students to collect data and compare this information with what their models showed (moon 
phases; different circuit models in electricity). And on some occasions the teacher provided 
students with key elements to include in their models. Such solutions seemed to depend more on 
the teacher’s general pedagogical knowledge and general knowledge of instructional strategies 
rather than her understanding of models and modeling. They also depended on the characteristics 
of the students’ group and other situations in the context, such as time.  
MoDeLS and the guidelines on modeling expressed in the current science standards 
suggest beginning the cycles of model construction and model revision as new/key information 
is provided, based on data collection and testing hypotheses. Ms. Delaney developed modeling 
strategies that allowed her to recognize what components and relationships of the components 
were missing in students’ models. She was confident about her teaching, pointing at key 
processes and interactions among components so that students were able to use this information 
to revise their models. Aspects of the interplay between data and modeling were more closely 
considered in the second year of the project, although the concept of using models for predicting 
and testing hypotheses was still not well developed. 
By Year 2 of Ms. Delaney’s participation in the MoDeLS project her instructional 
strategies related to constructing, evaluating, and revising models were well established. She 
used modeling as a strategy for understanding her students’ misconceptions and for scaffolding 
their learning. Usually, students showed their level of conceptual understanding while 
constructing and revising their idea models. She used these instances to scaffold students’ 
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learning by introducing other key concepts, by mentioning aspects of the models that were 
incomplete, or by using students’ models that more closely resembled scientific understanding as 
examples for the whole class.  
From Year 2 on, particularly in the Astronomy unit, she changed the activities so that 
models were constructed from data the students had collected. The interplay between models and 
data collection was one-way. Either data was collected for constructing models, or a model was 
used to collect data. She also used this interplay of data collection–model construction to revise 
students’ conceptions. Some of these occasions led to new instructional strategies and to her 
developing PCK. In these cases, modeling served as a conduit for students to revise their 
conceptions on the topic and for Ms. Delaney to understand students’ conceptual knowledge in 
more detail. In the following instance her answer to the challenge the context presented led to her 
further PCK development. 
Astronomy Unit. From the beginning of the unit students have been observing the moon and 
recording how the moon looked at that moment. They keep a journal where they are drawing and 
recording their data. Almost every day the science class starts with Ms. Delaney’s question: “Did 
you see the moon last night?” Every other day one student who had observed the moon the 
previous night is responsible for creating a drawing of that moon phase and posting it in the 
upper corner of the board. Until today board has six black square papers with drawings of the 
moon inside (see Figure 12).  
(Today the class period is a little shorter than usual… Ms. Delaney is rushed. There are 
several topics she wants to cover, so she is trying to get the students organized quickly.)  
Ms. Delaney: I need everybody’s attention, this is a short period. I want to talk to you about 
some models. I have filled in the next phase as we saw it last night. I need some 
black paper to fill this model out, because the model is half-way complete. How 
would you describe this phase? (Pointing to the first drawing). Waxing or waning? 
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Victor: Waxing. 
Ms. Delaney: Waxing because it’s growing. Now in your journals, I read your thoughts about 
moon phases [and] to my surprise a lot of you believe that a complete moon cycle 
is a week. Or a complete moon cycle is two weeks. And I started thinking, this was 
all in my head while at home when I should have been having these thoughts with 
you. But you know, sometimes you get to these things later. I thought, there is a 
limitation in this model and if I had thought ahead and added something in this 
model then none of you would have believed a moon cycle lasted seven days. What 
could I have added to this chart to help you understand that the moon cycle is 
longer than seven days? Turn and talk in your groups. 
(Students are talking, but none of them seems to really agree on what is missing in the model.) 
Kim: Labels of the days. 
Ms. Delaney: So, for today I’ll put Sept. 3. And this one (pointing to another drawing), was this 2 
days ago? Look at your journal, what was that? And this one? Remember the day? 
Look at your assignment journal. I’ll just put August 26
th
. 
Now all the boxes with the moon drawings have a date on them. Then, Ms. Delaney asks students: 
Ms. Delaney:  So, this starts on the 24
th
 [August]. How many days since we started to Sept. 3
rd
? 
Talk and count! 
Different students are saying these numbers: 10, 10, 7, 6, 10, 7. 
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Ms. Delaney: OK, this moon I drew it when it was starting to crescent, so then put up one finger, 
the 22
nd
 will be 2, the 26
th
, will be the 3
rd
 day, 27
th
 we don’t have a record of, 28
th
, 
29
th
 and 30
th
 were the weekend, 31
st
 we don’t have a record of, Sept. 1
st
 was this 
one (pointing at one of the drawings), that’s nine days, the 2
nd
, the tenth day, and 
the 3
rd
 our eleventh day. So in our model we have represented 11 days, and the 
moon cycle is not even half-way. Tonight is going to be half-way in the cycle. How 
can a moon cycle be seven days! Have I shifted your thinking? …  
(From Astronomy unit, Year 3, Day 9)  
In this Astronomy example Ms. Delaney had read some comments in students’ journals 
on what they believed was the length of the moon cycle. Most of the students had a 
misconception. She did not directly tell students the length of the moon cycle, but instead she 
used a modeling approach to revise the students’ misconceptions about the days it takes to 
complete a lunar cycle. Ms. Delaney used the model students were constructing with its drawing 
of the moon phases and asked her students to revise this model by adding the dates of the 
observations. The students analyzed the model and decided which key component that were 
necessary to understand the moon cycle were missing. Once revised, Ms. Delaney scaffolded 
students in how to use the model to determine the length of the moon cycle.  
 This is the scientific model. Depending on the topic and each student, Ms. Delaney’s 
students constructed two to four revised models, based on new information or group discussions. 
The third issue that emerged from constructing and revising models was how to transition from 
the last revised version students constructed on a topic to the “scientific” understanding and 
“scientific” model of that topic.  
Ms. Delaney did not solve the problem of relating the students’ “last revised” model to 
the “scientific” model, particularly to those students who could not reach a “scientific” 
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understanding of the topic. Usually, Ms. Delaney closed the cycle of modeling by providing the 
current model on that topic. However, there was no comparison of the differences between the 
models. Ms. Delaney acknowledged some students were not at the cognitive and/or conceptual 
level to understand the topic. But also there was a demand from the context (for example, time 
issues, standardized tests) to teach students about the current scientific model of the topic. 
 
Summary: Understanding of the Modeling Strategies of Constructing–Revising  
The process of modeling related to construction and revision and the developing of Ms. 
Delaney’s PCK was very much connected to the development of the areas of “knowledge of 
students’ understanding,” and “knowledge of instructional strategies.” 
The stories presented as examples of Ms. Delaney’s classroom practices give a glimpse 
into how her PCK around modeling began to evolve. Constructing models was associated with 
explaining with a “a caption” what that model was about. The use of this strategy connected to 
Ms. Delaney’s understanding of her students and their learning. Expressing students’ ideas in 
both writing and drawing clarified what students were thinking and provided opportunities to 
develop the higher-order skills that she required of her students.  
Once Ms. Delaney found that the strategy of constructing a first idea model made 
students’ misconceptions around a topic clear, she began to use idea models systematically. 
Constructing models as a way of identifying students’ initial understanding of the topic was a 
major factor in how her PCK developed from the practice. The tasks of revising models and 
setting out the evolution of their learning—though connected to the metamodeling understanding 
on evaluating models and how models change—was very much influenced by her students’ 
work. Ms. Delaney proposed to students that they revise their models and ideas after scientific 
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information was provided; however, constructing several revised models was encouraged after 
students validated this strategy by showing the progress of their understanding.  
Ms. Delaney’s development of PCK around constructing models, revising them, 
changing them, and explaining these changes allowed her, and her students, to reflect on their 
learning. This was very much valued by her and encouraged from the moment this became 
evident. Several instances in our meetings explained the instructional strategies Ms. Delaney 
developed and how these strategies were connected to her ideas of learning. The stories narrated 
the development and validation of the aspects of Ms. Delaney’s PCK and how it combined with 
the strategies Ms. Delaney frequently used in her classroom. Up to this point a change in Ms. 
Delaney understanding of models and providing these modeling strategies allowed her to move 
her views of modeling and PCK from a traditional standpoint to consider models as an inquiry 
tool to develop students’ knowledge and understanding of a topic. I identified the following path 
as Ms. Delaney used the strategies of constructing and revising models:  
Initial development of PCK is triggered by the implementation of new teaching strategies 
(model construction and revision).  The strategies are validated in the practice 
(connected to the teacher’s understanding of students’ learning and misconceptions.  
This leads to refining the initial strategies used.  The result is PCK development.  
 
Connecting Ideas, Comparing Models 
Ms. Delaney’s increased knowledge of modeling was integrated into her repertoire of 
science activities she had developed over her years of teaching. It seems as if these changes in 
her understanding of modeling were connected to changes in her science CK and teaching 
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practices. Most of these aspects were developed starting in the second year of teaching within the 
MoDeLS project across all of the units. As Ms. Delaney said:  
I discovered that in my growth as a person in this grant is the more as I valued modeling and the 
more I saw a reason for doing the advantages and disadvantages, and predicting, the more I saw 
of that, the more I bought into that, the more I did it in practice.  
(Post-study interview 2.) 
The next two stories depict how the development of CK was linked to changes in Ms. 
Delaney practices and her developing PCK. The next narrative illustrates how the modeling 
activity of evaluating models based on the advantages and disadvantages of the models was 
introduced in the science classroom. Next, the narrative shows how the concept of multiple 
models is related to Ms. Delaney’s understanding of the purpose of models and how the 
understanding is included in her practice. 
 
Models Have Advantages and Disadvantages 
When we… one of my aha moments was when we discovered two [models of] food chains that 
were for different ecosystems but for the same topic. And you and I started to say this one has 
disadvantages, this one has advantages… And this one has this… and [it] is missing that... And I 
saw that this conversation is very analytical and thought-provoking and I see that the more 
thought-provoking, the more comparative things that you can put together, that is a higher level 
of thinking that a child can do. 
(Post-study Interview 1) 
--- 
Ms. Delaney: When I learned to use different models and compare different models. That was a 
breakthrough for me.… I like to do the side-by-side comparison every time that I 
get the chance. 
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Elizabeth: What do you like about that?  
Ms. Delaney: I like prompting the children to have more than one perspective, [but] that is very 
difficult even for adults to see both sides of something, especially in space that is 
such an abstract concept. So applying this to the next unit that is electricity I can 
do side-by-side models of series and parallel circuits.  
(In-study interview, beginning of Electricity Unit, Year 2) 
The comparison and discussion of the purpose of using models was part of an unplanned 
teaching moment that occurred during the second year of my observations. In the third year of 
the project, the comparison of food webs and food pyramids and the discussion of their 
limitations and advantages were included in the teachers’ science curriculum activities. 
The concept that models have limitations was integrated in Ms. Delaney’s science 
lessons. She included this topic in all the science curricula activities where students practice 
listening to their classmates and they describe why one model has advantages in relation to the 
other. At the beginning, comparing and evaluating the limitations of models often led students to 
describe the models in terms of “I like”/ “I dislike” ideas and based on characteristics such as 
color or how “easy” it is to interpret a specific model. In these cases, ideas of when one might 
use a model based on their limitations were not discussed.  
However, by the end of the second year, and later, during the third year of working in the 
MoDeLS project, the type of analysis started to change. In these cases the evaluation was 
focused more on the missing components of the models. For example, in some examples of the 
food web students described how missing arrows in the lines connecting two populations was a 
limitation on that model (Figure 9).  
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Using Different Models to Explain a Topic 
Ms. Delaney: I have other models to show you. I showed you this one the first day of the class 
(see Figure 14). This is the model of our earth and it’s orbiting around the sun. If 
you notice, the earth is on a tilt. And the tilt is kind of going to that corner. [She 
asks students if they can see it.] 
See how the equator is on a tilt? Just a slight tilt.  
OK, ignore the moon for now. Because yesterday as we talked about the moon we 
realized the moon has no part in the seasons model. Some of you, at the very 
beginning model, thought that it might but after talking and revising we know it 
has nothing to do with it, right? 
Now I’m going to share these models that I made (see Figure 12).  I’m going to 
describe them, some people are saying what is it? And some people are saying this 
is a sun, it’s yellow like a sun… well… it’s rather spherical, you have to imagine 
being a sphere. It has… I’ll describe it to you, it has degree markers, there’s a 
north here by my thumb and a south here at the bottom. There is a stick at the 0 
degree which is actually, 90 degrees N and 90 degrees S. But this horizontal disc 
has markings all around, counting over here 180 and 0 to 180. [She keeps 
describing the model.] Now the big clue, this string is attached at 66.7 degrees. 
Now turn and talk what do you think it is? 
Students: Earth! 
Elizabeth: Tell me what your group discussed. It’s the earth but tell me what your group 
discussed after that.  
Robin: The earth on a tilt.  
Ms. Delaney: Did everyone have a discussion about the degree marking? Longitude and 
latitude? 
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Ms. Delaney: Esther says the words “prime meridian”. This is the prime meridian, but what do 
we call this flat horizontal… 
Silence 
Ms. Delaney: What do we call this flat horizontal? 
Silence 
Ms. Delaney: Philip. 
Philip: The equator? 
Ms. Delaney: The equator! Right. So what I want you to do is figure out how you can use this 
model to describe seasons. I never used this model before. May be you guys can 
help me figure out a way to explain seasons to other kids using this earth model.  
[Students are analyzing the model, working in groups. A group of students is talking with the 
teacher about the advantages and disadvantages of this model to explain seasons.] 
Ms. Delaney: We were talking about the advantages and disadvantages of this model. You said 
the string is a disadvantage, put it right here.  
Ira: I think it’s wiggling. 
Rosario: Why is wiggling a problem? 
Mary: And the tilt is still… 
Ms. Delaney: I think the tilt is the biggest problem with the string it gets off… 
Mary: Yeah, it tilts a different way. 
Ms. Delaney: What did she just say about the tilt? Listen, say it again, this is important  
Rosario: When this moves sometimes this keep moving to a different way, and it messes up 
the seasons, because we have seasons because of the tilt.  
Robin: So it’s like we have winter for 10 minutes and then it changes. 
Ms. Delaney: It has a prime meridian and it has… 
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The students continue their small-group discussions analyzing the model, now comparing it to the 
Styrofoam model they used in previous classes. Then the teacher calls for the whole group and 
one student per group mentions what they have found as positive and negative in this model.  
(From Astronomy unit, Year 2, Day 11) 
In the interview following the Astronomy unit, I asked Ms. Delaney what her purpose 
was in showing students different models with the tilt of the earth (Styrofoam balls, the globe, 
other models) and asking them to use one of these models to explain the seasons during a 
performance assessment. Ms. Delaney answered: 
My goal for the students was the goal that I discover. Not the goal, but what I discover for myself: 
how the idea of models was so limited, that I thought this one model was “the model” and I want 
them to see that there are many, many different ways to represent the system and each one has its 
own merits and limitations. That’s what I learned this year. So, I’m trying to expose them, to 
guide them, look at this model, look at this model, look at this point of view  
(In-study interview post-Astronomy unit, Year 2.)  
 In this vignette Ms. Delaney explained the reasons for showing students several models 
to explain a phenomena, for example, the tilt of the Earth and the causes of seasons. These 
reasons might lie behind the trend observed during the second year of the project where she 
included evaluation as a modeling practice by comparing two models and by explaining a 
model’s advantages and disadvantages as related to its purpose. 
These changes in classroom activities were related to Ms. Delaney’s shift in her 
understanding of models and modeling. First, she saw that every model had limitations such that 
she could analyze them using an “advantages/disadvantages” approach. Later, she found that 
“multiple models” explained a phenomenon from the same, but usually different points of view. 
Ms. Delaney introduced this new modeling content understanding in her practice.  
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Construct a Model: Performance Assessments 
You can do a performance assessment and see in an instant if they understood the seasons and 
the tilt of the earth, you know? And, so I did this performance assessment and I said to half the 
class kept the tilt on the axes the wrong way. And I said, “OK. Go back to your seats” and I had 
a mark that I have to reteach that because I wanted to have a quick pass to everybody. But those 
kids that didn’t get it, they lingered on the side and watched the other groups and then they came 
back with “Can I try again?” So I think the correction in the moment with a model does 
something in the brain, it’s more than talking. 
(Post-study interview 1) 
The above transcript shows part of Ms. Delaney rationale for her model-based teaching. 
Ms. Delaney encouraged students to present their evolving understanding on different science 
topics by constructing and drawing a set of initial and revised models. This modeling strategy 
was linked to Ms. Delaney’s understanding of students’ misconceptions. When concluding a 
topic, mainly in Astronomy and Electricity, Ms. Delaney applied the modeling tasks of using 
and/or constructing models as part of performance assessments. Ms. Delaney understood 
performance assessments as an on-going evaluation as well as a way of revisiting her practice 
promoted the PCK developments linked to (mainly) knowledge of students’ understanding of the 
topic and knowledge of assessment. It is evident that students influenced Ms. Deleney’s 
strategies around assessment and shaped her curriculum planning and instruction.  
Ms. Delaney calls Marcus, Vinny, Todd, and Victor to her side desk.  
Ms. Delaney: You can use any of the models that we talked about yesterday (see Figure 15). 
They are over there. Flash light. Styrofoam balls, the globe. The model with the 
sun, this yellow ball with the meridian… Come over and get one of the models.  
Victor asks if they can use anything. 
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Ms. Delaney: Yes! You can use any of the models.  
[The students choose the one the teacher just explained, with the degrees, and the lamp.] 
Todd: The sun will be in the equator. 
Marcus: Try to position the ball so the lamp flashes on the equator.  
Victor: So, the straight rays will heat the equator. 
The group cannot quite get the flashlight to shine on the equator of the ball they use to represent 
the earth, so without speaking, they silently change their earth for the globe.  
Victor to Marcus: “Get the tilt.” 
Marcus positions the globe so the lamp shines on the equator. 
Ms. Delaney is waiting, in silence, for the group to prepare their model. When it seems the 
students are ready, she asks them: “What season is at the equator? What season is that?” 
Victor: Winter. 
Marcus: Winter in the northern hemisphere and summer in the southern hemisphere. 
Ms. Delaney: Why is that winter? 
Victor: Because there is less light here. Basically it’s less light and it is a little darker. 
Ms. Delaney: Freeze! Your lamp is not at the equator, your tilt is not at the exact position. You 
have to control certain things in your model, you cannot have the sun going here 
and there… And you guys have the tilt first going to that corner, next going to this 
one. 
Students readjust the earth. 
Ms. Delaney: Now hold it steady, the light is hitting the equator, let’s not move it. Look at it and 
tell me which season is that. 
The interaction between the teacher and each of the students continue for several more minutes, 
then she focuses on Vinny who decided to use a different model (the one with the sun, earth, and 
moon)  
  
 
 
109 
Vinny: This will be spring and fall, spring in the north, the earth is with the tilt and the 
sun hits right there. Then he moved the arm of the model, so now the earth is in the 
opposite position. 
Victor: Right now it looks like summer, yeah summer in the north.  
Vinny disagrees, saying: “To me it looks like the south.” 
Victor moves the arm in the model one more time.  
Vinny: I will imagine that will be fall and spring. 
After several more exchanges among students, the teacher decides to ask some questions related 
to the models they chose.  
Ms. Delaney: Why did you choose this model to explain seasons? 
Vinny:  Because it’s not wobbly, you have the orbit done, and also the light is wobbly. 
Victor:  It’s more accurate. The thing is it’s difficult to say because we cannot turn the 
light off and turn this on, and see by having the rays at it.  
Vinny: This is winter in the northern [hemisphere]. 
Elizabeth: There is a way of checking it if it’s right… 
Ms. Delaney: Oh, here! Pointing to the labels the model has at the bottom. 
Victor: As long as the tilt is right… 
Ms. Delaney: Let’s check in here. Where do you think it’s summer? (She is moving the arm with 
the earth.) To me this looks like summer, so let’s check. Ahh. See the arrow, bingo! 
Ok, let’s do winter.  
(Astronomy unit, year 3, day 9) 
In this case we observed a development of PCK strategies related to the advancemnet in 
CK understanding. The path for this development can be expressed as following:  
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New understanding of models and modeling (CK) is developed.  New teaching 
strategies are developed/new assessment strategies are develop These new 
understandings are tried in practice.  The result is PCK growth  
 
Constructing Consensus Models, Enhancing Students’ Relationships: The Milky Way 
Model 
The development of Ms. Delaney’s PCK around modeling was connected to her science 
and modeling CK, her understanding of students’ learning, instructional strategies, and the other 
attributes presented in the PCK development model (see Figure 3). In addition, her PCK 
development was tightly connected to her beliefs about students’ relationships and behaviors and 
classroom management, adding social and affective components to the main factors influencing 
PCK development. For example, Ms. Delaney described how she perceived that the affective 
aspect of students’ behaviors when analyzing models influenced her decision to develop her 
strategies on evaluating models:  
You taught me to do the advantages and disadvantages and that attitude of bring your 
journal up here and put it in the overhead projector and let’s talk about advantages and 
disadvantages is kind of ... it cushions the experience so there is not so much risk for the 
kids to come up because they are going to have both. Everyone is going to have both 
advantages and disadvantages so it doesn’t feel “Oh, this is so wrong.” It is not wrong it 
is just a disadvantage; you go back and put it in your model.  
One of the last activities from the Astronomy unit was whole-class construction of a 
model of the Milky Way. Throughout the task Ms. Delaney reminded students of how to “treat” 
each other, praised students for allowing everyone to participate, girls and boys equally, and 
showed instances of “behaviors and attitudes” as examples to follow:  
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Last Friday they had a discussion about constellations and galaxies. Several of the students 
during the weekend looked into the Internet for some facts and information about our galaxy, the 
Milky Way. Today they are building a model of the Milky Way. They start the class period with a 
general discussion about what galaxies are and what they are made of. Ms. Delaney asks them 
whether the solar system belongs to a galaxy and where it is located in that galaxy. Based on the 
information they gathered from the encyclopedia and the other resources students had consulted 
on the weekend, they discussed characteristics of the Milky Way and what the center of the Milky 
Way is made of as a whole class. There is a discussion whether the center of the Milky Way can 
be a black hole or not.  
One of the students … went to the other room to look for an encyclopedia and with the 
help of the teacher, read the information presented. They was more discussion about black holes, 
and then Ms. Delaney decided it was time to start building the model. The way and the elements 
used to construct the model were suggested by her. She mentioned that today they were going to 
work as a whole-class team and with controlled behavior (She emphasized and stressed with her 
voice the words “team” and “behavior”). Ms. Delaney asked students from tables 1 and 2 to 
move their belongings to other tables; they were going to use those two tables to hold the Milky 
Way model. Students are moving chairs, putting the tables together, and taking their journals and 
pencils off those tables.  
Once the room is rearranged, Ms. Delaney brings two recycle bins up to the tables. The 
students are going to select the big papers from the recycle bin, crumble them, and make tight 
balls. Each ball will symbolize one star. Ms. Delaney asks the students to be organized and go 
one piece at the time, because the scale they have for building the model was “really small.” She 
reminds students of some of the facts that they mentioned about the Milky Way: “We, as a class, 
are going to build a model of the Milky Way. We established that it has arms, that it has a bulge 
in the middle… And when we are all finished with the model, we have to clean up. Everybody is 
contributing, everybody is working. Nobody gets fresh paper.” 
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*** 
While she is talking, students start to crumple papers. There are some students trying to 
organize the papers in the middle of the table.  
Jason: Make the big cluster in the middle! 
Philip: No, there are not enough papers yet! Some students are rechecking that all the 
papers are crumpled in small pieces.  
Victor: Make the big cluster in the middle.  
Sandy: This is our sun! 
[Students are not listening to each other or the teacher.] 
Ms. Delaney: Do the last paper and stand back. If you are around the table and you think you 
understand the Milky Way start forming it. (The teacher asked them to think of 
each of the recycle papers they formed into a ball as a star) 
Alice: Make the big bulge first! 
[Several students are talking at the same time. They cannot decide what to do. There is little 
progress.] 
Maahari: We need to work as a team! 
Victor: Stop! Stop! 
Ms. Delaney: 5,4,3,2,1…  freeze. How did we say we were going to treat each other? 
[She is reminding students of what they talked about very early at the beginning of the day about 
respect and good behaviors.] 
Alice: With respect. 
Kevin: Golden rule. 
Ms. Delaney: Now I asked you to work as a team and I see a lot of people wanting to be leaders. 
And that’s fine but who is going to be a listener? How do we work out this team’s 
leader problem?  
Alice: We can work with two or three leaders 
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Ms. Delaney: You can have three or four people who have solid ideas. 
Mahari: We can listen to all people’s ideas and decide as a group. 
Philip: We can take turns. 
Ms. Delaney: What happens when someone has an idea and someone shoves it aside? How do 
people feel? 
Sandy: It makes it feel as they are not important. 
Ms. Delaney: It makes them feel as if their idea is not important, as if they are not part of the 
group. How are we going to deal with this? Because we have quite a few people 
wanting their idea to be represented on the table. And we have only one model 
with a lot of dominant voices.  
Kevin: We can use different tables for their models. 
Ms. Delaney:  No we are making one model. One model. 
[Silence] After a couple of minutes nobody seems to come up with an idea of how to organize the 
whole-class work.  
Ms. Delaney: OK, this is what we are going to do, I made an executive decision. Every one go to 
your seat. Everybody get away from the table. Now, I’m going to pick random 
groups. Student numbers 1 through 8 come to the table. We want to hear you! This 
is called a fish tank. You are the fish and we are outside watching.  
The students called to the table start talking about the model and how they are going to build it. 
Once they decide what to do with the papers and start building the model, the teacher describes 
what she sees they are doing, or asks some questions for them to describe their reasoning.  
Ms. Delaney: So what I’m seeing is a couple of people who are putting all the color pieces in the 
middle. I want to hear why. 
Sandy:  Alice wants the bulge to stand out. 
Ms. Delaney: OK and it’s standing out because of the color? 
Sandy: Also because the colors are darker than white, and the middle is a black hole. 
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Ms. Delaney: OK. But also, it’s standing out because it’s higher than the other parts. So, talk to 
me, how can you involve everybody in your team? Being a good leader means to 
coach others and encourage others to be in your team.  
Everybody in the class is important, everybody’s ideas are important. So, as the 
team I see four people really actively talking and moving things. But how can you 
think about the others and invite them in?  
Vinny: I want everyone to share their ideas but some might not want to or be afraid to. 
Ms. Delaney: Time’s up. This group needs to sit down, and now 9–16 move to the table. (Mahari, 
James, Philip, Kent, Victor), Now you can talk about what’s been done, you can 
change what’s been done or you can add to it. Go.  
Students start talking about taking some of the color papers out because there are not many 
pieces outside the center. They keep talking but they are not working on the ideas yet.  
Ms. Delaney: One more minute. 
Students move papers around, trying to do the arms of the Milky Way. 
Ms. Delaney: Freeze, this is what I like about this group. Victor has some leadership when he 
said, “Everyone I think should wait and listen to each idea.”  That gave honor to 
whoever had an idea. I liked what you (Mahari) did when you didn’t have your 
turn and you said: “Wait a minute, I didn’t have my turn!” You stood up for 
yourself. You know, sometimes girls are too shy to do that, so I honor you for that. 
Then I saw some real progress. I still see the bulge, and I do see some of the arms 
going around. Now, some of you didn’t do much. That’s perfectly fine if you don’t 
know too much about the Milky Way because you are being part of the team and 
watching and listening to others helps you learn. OK, you guys go sit down. The 
rest of you come up and complete the model… 
The other two groups of students approach the table and work on the model. Once the time was 
up Ms. Delaney invites all the students to take turns and to approach the table to stand up and (1) 
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look at the top view of their Milky Way model, and (2) to get their eyes at the table level and 
register what they were looking at. Then she asks students to try to determine where the solar 
system is in this model, and to think about the limitations of the model by comparing both the 
encyclopedia model of the Milky Way and their constructed model: “Here, look at the image in 
the encyclopedia, and our model has a limitation, it’s not entirely accurate. We have to imagine 
all the arms are there. But there is a problem for getting a model on a table.” 
It’s 11:10, 10 minutes over the allotted science class period. The teacher says:  
“I’d like for you to go back to your journals and on a clean page, I’d like you to draw two views 
of the Milky Way. One view of the top, you have to draw your own sky and what do you think is 
the other view I want you to draw?” 
Students: The bottom view! 
Ms. Delaney: Not the bottom view, no. 
Todd: The side view. 
Ms. Delaney: The side view, kneeling at this table. And please label them “Milky Way top view” 
and then on the bottom half of the page “Milky Way side view” 
(From Astronomy unit, Year 3, Day14) 
From the moment Ms. Delaney decided to evaluate models, proposing that students look 
at advantages and disadvantages of the models they constructed, Ms. Delaney was aware of 
students’ feelings about being “exposed to criticism.” However, she used these instances as 
opportunities for all students to participate in science activities. On most of the occasions when 
students evaluated models, Ms. Delaney reminded them that “they were evaluating the models 
and not critiquing anyone” and “every model has advantages and disadvantages.” She also 
provided words and phrases students could use to analyze each other’s models, when including 
in their vocabulary the words “advantages” and “disadvantages.”  
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Peer recognition, validation, and an opportunity for everyone to participate in science 
were present in Ms. Delaney’s classroom. It seems that this belief in the affective aspects of 
students’ learning shaped the type of activities selected, in particular the evaluation of models 
and how they were presented in the practice.  
Later we were talking about some of the challenges she had when teaching and when 
teaching with the modeling approach. At the beginning of the meeting, we were talking about 
some of her students from the group in the third year I had observed her classroom who did not 
want to write and had some trouble in participating in the science activities. Ms. Delaney said the 
following about drawing models and writing a caption about what the model said:  
Elizabeth: How do you think you approach those challenges of using models to teach? 
Ms. Delaney: So, if I look at… I’m thinking of those boys that we started to talk about, and they 
are usually very quick with the sketch and have very little details. So, what I will 
do is, I will say… I will approach them and ask them to add the details and labels 
and a sentence underneath the model. And then if I didn’t get… if I got partially… 
I would say give me more and I will point where I want more, I will give them 
support where I want more, and I just keep asking and not letting them go to recess 
until I get it. I know that they are more willing to make a drawing than write a 
paragraph.  
So, through the drawing I can see as clearly as what they might explain in a 
paragraph yet I can’t let them off of the hook for not writing anything at the 
bottom, you know, a caption.  
(Post-study interview 3) 
Drawing/constructing models were used by Ms. Delaney as ways to validate students’ 
work and as opportunities for all students to participate in science activities. Although she still 
pushed students to get the details in their drawings and write their ideas, Ms. Delaney 
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recognized, and developed, the activity of “drawing a model” as an instructional strategy that 
allowed all students, even those who could not express their thoughts in writing very well, to 
present their ideas. 
 
Summary 
Ms. Delaney’s knowledge of how different modeling practices can be integrated in the 
science activities developed throughout the years of implementing models and modeling 
activities suggested in the MoDeLS project. It seems that these changes in her understanding and 
practices were connected. While Ms. Delaney’s ideas of “constructing, using, evaluating, and 
changing models” changed, the science curricula was reshaped as well. Strategies tried in the 
practice became successful when they validated her understanding of teaching and/or students. 
Also, Ms. Delaney developed CK, proposed strategies related to her new modeling 
understanding, and implemented them in her practice. Thus both paths provided ways for PCK 
development.  
 This chapter has examined how Ms. Delaney incorporated her new CK in the act of 
teaching, and how she developed new PCK as she implemented the model-eliciting curricula. 
Some other factors might have influenced her learning and PCK growth. For example Ms. 
Delaney valued the professional development strategies used as part of orientation within the 
MoDeLS project. During the first interview she mentioned:  
So, to me, that whole period when you and I were talking about every single unit and going 
deeper into each activity and models was educational for me in deciding how I was going to take 
the model and deciding how I was going to teach that concept. And that thinking time and having 
two people talking about, it was helpful to anchor in me the ideas.  
(In-study Interview 1) 
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More detail, is provided on the factors influenced the teachers’ PCK development, research 
question 2, in the next chapter. 
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Chapter 7: 
Challenges of Modeling 
 This chapter provides a description of those modeling aspects of modeling that Ms. 
Delaney was not able to include in her teaching and PCK. Three issues are presented. The first 
one relates to the idea of PCK as a topic-specific knowledge base. The second and third aspects 
relate to CK understanding and how to transfer it into PCK. The next sections illustrate these 
issues and in the sense of what factors influence/hindered PCK development, answering research 
questions 2 and 3. 
 
Re-thinking Modeling and Science-topic Related PCK  
By the second year Ms. Delaney worked with models she felt confident and “satisfied” 
with modeling in the Astronomy unit. Ms. Delaney was feeling comfortable with models and 
modeling in this unit for communicating and explaining concepts. And this unit was the most 
suitable for her and for her students for using use a variety of models and modeling activities to 
explain the topics. When asked about the other units, Ms. Delaney acknowledged the differences 
between modeling in Astronomy and Electricity units. She explained some of the PCK 
difficulties with modeling in Electricity:  
Elizabeth: So what about Electricity and Animal Science? 
Ms. Delaney: Well… Electricity is really a good one for modeling too. Though it is time 
consuming to look at their [students] models, because you have to look at where 
every little line connects. Because that’s important, to connect the circuit. So… 
and some of the circuits they made they can be so complicated… 
In this unit, students created different models for showing a lighted light bulb. They 
began the unit constructing a simple model of how to light a bulb. As the unit progressed, they 
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added more features to their models, showing the evolution and complexity in their model 
construction. On some occasions they built a parallel circuit and on other occasions  they did 
series circuits. They used one, two, or three light bulbs; two or three batteries; switches and 
motors; as well as other elements. All of the activities required students to either draw an “idea 
model” and then test the concept by creating the physical model or the opposite: create the 
physical model and then draw it in their journals.  
Though Ms. Delaney drew from the successful strategies she had developed for the 
Astronomy unit to add on to her work on the Electricity concepts, when she tried to use strategies 
like constructing idea models and revising them Ms. Delaney realized there were content-
specific PCK features to consider. Ms. Delaney expressed it as follows:  
Right now my struggle, it seems simple but, to get them to draw something and then, when they 
get the equipment, to set it exactly as they had drawn it not to do something randomly different 
because that is fundamental. And pay attention to their drawings. And then write about what they 
did exactly using science words, just describing, not just “I learned about parallel circuit” and 
that is what I’m getting.  
(In-study interview, during Electricity unit, Year 2) 
This challenge of students’ lack of attention to the disparities between models 
constructed, models drawn, and/or models discussed was acknowledged by Ms. Delaney. During 
the second year she taught this unit with a modeling approach she tried to scaffold students by 
mentioning there were problems with their models and that what students drew in their journals 
needed to match what they had created. However, the strategy did not feel quite right to her and 
it lead to the thought she expressed about the difficulties in checking each student’s model.  
In the third year of MoDeLS the situation was approached differently. We were talking 
about this problem in one of our afternoon meetings and we designed an activity and teaching 
  
 
 
121 
strategy for addressing this situation. That week students had been drawing different models of 
parallel and series circuits and writing descriptions of what they thought were the models that 
worked. The next day students were going to work in groups and each group’s goal was to 
analyze models created by other students and to revise the captions. Students were to construct 
these models and evaluate the constructed and drawn models, trying to decide whether the 
models were accurate in their descriptions, and worked or not. Ms. Delaney tried to make sure 
students replicated in their model constructions what they interpreted from the journals.  
I collected the journals, looked at the models and selected six examples. I picked the ones 
that “made the students think most” and photocopied the work for next day. There were different 
cases, some models worked but students said they did not and vice versa while some models 
were not as detailed and as such difficult to interpret. The activity boosted a discussion about the 
disparities between models created and drawn but also led to confusion about the subject.  
Few students were able to analyze and compare the different types of models, and 
sometimes when they did they created confusion for the rest of the students. For example, Inram 
created a model that was different to the one drawn in the journal but, when he analyzed it, it 
worked. He mentioned that the model he analyzed did not light the bulb although the students 
said it did. As a result he created a physical model of how it should be in order for the bulb to 
light. He was correct; nevertheless, Ms. Delaney and other students were not able to follow his 
thoughts. Not all of the student groups were able to analyze the models and drawings at this 
level. Thus there was confusion between teacher and students about whether the model worked 
or not or whether they had tried the right model.  
In one of our final meetings, we were discussing different challenges Ms. Delaney 
encountered when teaching with models. I presented a short video clip of the above situation for 
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her to analyze. She mentioned what she thought was happening when she asked students to 
compare these models and analyze them:  
Well, I noticed that a lot of them are interested and you can see that they are looking back and 
forth from their physical model that they are actually reconnecting from the paper copy that I 
gave them. I think that in their minds they were comparing.”  
(Post-study, interview 3)  
Ms. Delaney examined this practice from the students’ perspective and the modeling 
approach of evaluation. The proposed activity acknowledged students’ challenges and Ms. 
Delaney’s modeling understanding on the purpose of models and construction of models. 
However, these ideas were not translated into a successful practice. In this case the interplay 
presented by integrating PCK in modeling with PCK in the discipline (electricity) was something 
Ms. Delaney was not aware of, and such she solve the problem. 
There were other teaching problems that were unsolved leaving her PCK undeveloped or 
underdeveloped. One example was related to students’ misconceptions in the Electricity unit. 
When she taught this unit, we talked about the activities that Ms. Delaney implemented, how she 
thought her practice was going, and what the students seemed to comprehend (or not) from 
working with electrical circuits. On one occasion, in our lunch meeting, we were discussing that 
day’s activities. Students had been working with two batteries and light bulbs for a couple of 
days, but they seemed unaware of the concept of “polarity.” This was part of our conversation:   
Elizabeth: One thing that I see is students are not recognizing that polarity matters. Have you 
thought how you might address that? To make sure the students think back on what 
they were doing and say, “Oh that’s why my light bulb didn’t light” 
Ms. Delaney: That’s hard, because they get so locked in in their misperceptions, Cathy thinks 
one of the bulbs doesn’t work, and [silence] I don’t know… Today I was making 
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mental notes of where their misperceptions were, and I don’t know if I corrected 
everybody. I don’t know how to answer your question… 
Elizabeth: Yeah, but in the time that you have [for the unit], how are you going to solve that? 
Ms. Delaney: Yeah, that’s a problem. But I’m aware of it. And I hope that after each day I can 
untangle one misperception. Eventually, I’ll put a drawing on the board and have 
them copy it as the, you know, the correct example.  
(In-study interview, beginning Electricity Unit, Year 3) 
There were other topic-related PCK attributes that did not develop in other units, for 
example the Animal Science unit. The goal of this unit was for students to examine the survival 
needs of different organisms, explore how conditions in particular habitats limit what kinds of 
organisms survive in that context, and study different types of interactions among organisms 
within an environment. However, while Ms. Delaney was seeing the other two units, Astronomy 
and Electricity, as more or less conducive to modeling and that the “models” fitted with the 
content, she was struggling to see how she would integrate modeling in the Animal Science unit 
—beyond talking about limitations of models applied to food chains. 
The Animal Science unit was taught for a period of 16 days. During the first two years, 
modeling and models activities were incorporated in only two of those days. Students used food-
web and food-chain examples as models and discussed their limitations. During the third year, 
modeling and models were used five days. Ms. Delaney used data from invasive species so that 
students could construct food-web models and discuss how the interactions among populations 
changed because of an invasive species. She also used models of beaks to support students’ data 
collection and to discuss an organisms’ form and function.  
On one occasion when she used the activity of comparing and evaluating models, I 
suggested the inclusion in the discussion of models’ limitations and the concept of  “the purpose 
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of modeling,” thus enhancing the PCK understanding in this area. In one of our talks I mentioned 
the following about food webs and organisms:  
Elizabeth: What I think didn’t appear is the idea of limitation of a model. For example, you 
can put a frog and it is eaten by the heron, but the frogs have different stages and 
when they are a tadpole they are carnivores as well, and the other example, is the 
dragonfly. The dragonfly when it is in the larvae stage is a carnivore and eats the 
tadpole, when they are adults the frog eats the dragonfly. 
Ms. Delaney: Brilliant 
Elizabeth: But that is not reflected in these food chains. And the other thing that the food 
chains don’t show is the other relationships, for example symbiosis, things like 
that. It isn’t meant to show those things. But that is part of the limitation of the 
models, to focus on some things and not others. In this case it’s the relationship of 
predator–prey. So every model is the same. And I think you mentioned it in other 
units, like Astronomy. 
Ms. Delaney: Yeah, because there it was obvious to me. 
(In-study interview, From Animal Science unit, year 2) 
These ideas were connected to those teaching opportunities generated by students’ challenging 
questions that were dropped by the teacher. Nevertheless, there were no other opportunities to 
enhance this aspect of modeling within this unit.  
The district science curricula included other activities that might have been appropriate 
for considering modeling and for discussing the purpose of a model. Two of them were related to 
the use of carnivores, herbivores, and omnivores head bones, the other presented fur, fish scales, 
feathers, and snake skin, for students to describe characteristics and discuss animal adaptations. 
The modeling approach suggested was to use these examples and organisms as “model 
organism” and to integrate it as another way of talking about the purpose of modeling. This 
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concept was not initially in the MoDeLS explanation of how models might be used or in the 
notes provided to teachers. Ms. Delaney mentioned these add-on concepts about models:  
Ms. Delaney: I never thought of it that way, that a particular animal can be a model.  
Elizabeth: Yeah, for example, some organisms are models to study diseases, genetics, et 
cetera. A grasshopper is a model representing all the insects. A bird, it has a 
characteristic of all birds, so it is a model representing all the birds. 
For the last unit taught during the school year Ms. Delaney used the approach provided in 
the IQWST curricula for “Can I believe my eyes” (Fortus et al., 2008). She decided to use the 
driving questions and to incorporate several of the activities designed as part of this curricula. 
However, as with the science-topic PCK the struggles observed in the Animal Science unit were 
present here at the curricular level. In this case, Ms. Delaney failed to understand how including 
more elements in a model could affect the model. For example, a blocked path to create a 
shadow or changing the characteristic of an object by using a translucent instead of an opaque 
object, changed the process of how light was transmitted and thus changed the purpose of the 
model.  
Elizabeth:  What about the models that you used there [Light unit]? Because for me, it was 
different in this unit. It’s basically the same model but students are adding 
components, now they have these cocks (as objects to see) and then next time is the 
shadow that you are adding, the next time is the same model but you have two 
lights. Now you changed it for different objects: one is transparent, the other is 
translucent. But it is the same model, in some it’s passing the light in others no… 
now you want to have this wood or table, and light will go everywhere, and then 
the glass, and the mirror. 
Ms. Delaney: That’s right! That’s right! And reflection. 
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Elizabeth: It’s the same model but different components, but how was it to you teaching a unit 
that uses the same model that is sort of changing one component, or adding one 
aspect differently, or one more thing into the model.  
Ms. Delaney: Yes, so it seems to be one concept, in my memory, in my mind, there is one concept 
in the light unit: the light travels in a straight line and then there are all these 
models. I will call it the man on the drawing with the ground and all the shadows 
that could be created and that’s important, but that seems sparse in the unit, that 
light travels in a straight line. Now let’s test this shadow, let’s test this angle, and 
still light travels in a straight line. 
Elizabeth: So you don’t think how the model was integrated allowed you to teach all these 
different concepts? 
Ms. Delaney: I don’t see there were more concepts! 
Elizabeth: So you don’t see shadows as a concept? Or absorbance? 
Ms. Delaney: I… oh! Translucent, transparent? 
Elizabeth: Transparent, and you did the experiment with the bulb, and…  
Ms. Delaney: Yes, and we did the temperature in the beakers. 
Elizabeth: Yes, you add the temperature in that model. 
Ms. Delaney: I forgot about that. You see, I didn’t see that and I didn’t do it that way. In my 
mind that whole unit is still difficult to teach because the school district doesn’t 
supply the equipment and by comparison… they don’t supply the space unit 
equipment either do they? I gather it all together. Why didn’t I put more energy in 
the light unit? Mmm 
I didn’t see it that way, I can see it now that way, but…. I didn’t see the prism 
activity and the transparent, translucent, opaque activities as light traveling in 
straight line, I saw that as simple vocabulary. Most of our test is vocabulary-
centered, you know, it’s not the concept of light being blocked or the absence of 
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light is darkness. It’s not that kind of concept on the test. It is strictly recall the 
definition. 
Elizabeth: Yes, so do you think in that unit, the test more than in the other ones, changed how 
you taught? 
Ms. Delaney: Yes.  
(Post-study Interview 4) 
Ms. Delaney did apply modeling strategies like constructing models, creating consensus 
models, analyzing and comparing models, among others in the Light unit. However, because she 
did not “see” these activities as the curricula intended, and the content was newer to her, some of 
the practices reverted to the traditional goals of the district unit. In consequence, PCK was not 
enhanced for this topic. 
 
Classroom Context: Challenging or Hindering PCK Growth  
Below I describe two situations where Ms. Delaney’s awareness of the context varied and 
as a consequence she could not integrate aspects of modeling. In each case, CK of modeling very 
much interconnected with PCK development. These two situations were recognized in the 
practice: One where students posed challenging questions, she acknowledged she could not use 
the context for PCK enhancement and in another case where the situation was dismissed by the 
teacher. In the first situation one student asked how an omnivore might get included in a food-
pyramid and food-web models students were analysing. In the following example students talked 
about interactions among populations that were not part of the targeted analysis intended for that 
activity.  
Food web and food pyramid models comparison. Students were comparing two 
models of the food web and another of a food pyramid (see Figures 7, 8, and 9). Ms. Delaney 
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asked the students to discuss the limitations of the model and, in some instances, to describe how 
the models can be used to predict. The idea of using the models to predict is abandoned after a 
brief example is provided. The lesson then focused on the description of the models’ limitations. 
The comparison and discussion of the purpose of using these models was part of an unplanned 
teaching moment. However, Ms. Delaney did not build on this teaching opportunity to discuss 
why these models have limitations, or how the limitation connects to the purpose of the model.  
After evaluating the models she scaffolded the students’ understanding of the meaning of 
producers, decomposers, herbivores, and carnivores. At that moment one student asked about 
omnivores and how that they might fit the models they just analyzed. The classroom discussion 
followed this way: 
Mary: If an animal were an omnivore, where would you put it in either the web or the 
pyramid? 
Ms. Delaney: If an animal were an omnivore, where would you put it? Why don’t you discuss 
Mary’s question in your groups? 
(Students discusses this question and possible answers with other students at their table.)  
The teacher approaches the student group where Mary is. 
Mary: For the pyramid, maybe you need another level? 
Marty: Yeah, but you can’t make it. 
Ms. Delaney: Maybe divide these ones? Herbivores and carnivores? (Pointing to two levels at 
the food pyramid, Figures 9 and 10)  
Then the teacher asks: Where do the decomposers go in this one [food pyramid]? 
Marty: At the top. 
Ann: At the bottom. 
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Ms. Delaney: Look at this [forest food web, Figures 9 and 11), the mushrooms are decomposers, 
so you can’t put them with the plants. And the turkey vulture eats dead animals, 
you see that? It’s like the garbage system for nature. 
(The teacher moves to another group of students). With this group the teacher provides 
information and examples of animals that are decomposers and then talks about the direction of 
the arrows.  
To the whole group: Ms. Delaney asks students to open their journals to a clean page. 
She writes on the board the title “Food pyramid/web” and says: That’s your heading, and today 
is Jan 13. And I’d like two sentences or two other thoughts to summarize what we just talked 
about. I’m not telling you what to write. I want to see what your thoughts are. You might have 
two sentences about food pyramids, you might compare the two, you can talk about limitations, 
or you can talk about how they are. I just want to see how you work, and how your mind is being 
opened in this discussion about these two model examples.  
I’ll give you some key words to work with. Use the word “model” at least one time. You 
might use the word “limitation,” you might use the word “predict,” you might use the word 
“explain”… 
(Students are writing in their journals until the class period ends.) 
(Animal Science unit, Year 2, Day 6) 
When Mary asked where in the models (food web and food pyramid) an omnivore and a 
bison population would be included her question generated whole-group and small-group 
discussions about both models, though the discussions were not connected to the modeling 
concepts. Considering that omnivores are not part of the food pyramid relates to the purpose of 
modeling. As such, this question challenged Ms. Delaney from the standpoint of her CK on 
modeling. Both models were limited in trying to explain how an omnivore population can be 
added to the model. Ms. Delaney allowed students to discuss this situation, however she did not 
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follow up on the discussion or explain to students how and why the models did/did not allow 
them to include a new organism in it. Thus, while the modeling strategy of “models have 
limitations” is introduced and it is considered a strategy that reflected an enhanced PCK (details 
of it are discussed in the previous chapter), the connection of model’s components and the 
presence or absence of these components is not a modeling CK mastered by Ms. Delaney. 
Consequently, these aspects are not included in her practices. As such, aspects of CK on 
modeling and possible aspects of metamodeling and PCK were not integrated in this activity.  
The invasive species model. The next example was an unplanned situation generated by 
students’ questioning and explanations. It took place in the third year of the project while 
teaching the concepts of food web in the Animal Science unit. On this occasion, students were 
describing how the introduction of an invasive species, fire ants, affected the native species of 
ants and horned lizards. In their discussion they were analyzing a food web model they had 
constructed in the previos class (see Figure 9). 
In several instances, two different students tried to include the relationships between 
spiders and ants in their explanations. Understanding the relationship between ant and spider 
populations was not key to the purpose of this model but  it did seem that some students were 
considering these relationships as key. Ms. Delaney mentioned that “the fundamental thing of the 
model is not spiders”; however, no other explanation was considered. Therefore, aspects of the 
metamodeling related to purpose of modeling were not integrated and her PCK related to this 
issue was not developed.  
Animal Science Unit: On Monday Ms. Delaney begins the class with a summary of what they did 
last Friday: “Last week we talked about Texas fire ants and horned lizards and we constructed a 
food web.” Today students are focusing on and discussing the significance and relationships of 
those two populations.  
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Ms. Delaney: What did we learn about the significance of these two? Did you write a summary 
in your journals…? OK, let’s look for a set of speakers to read the reflective 
sentences. 
Marcus: The horned lizard is affected by the fire ants, because the fire ants are eating the 
harvest ants. 
Ms. Delaney: They are eating the harvest ants? 
Todd: I think it should say by eating the grass. 
Ms. Delaney: By eating the grass, by competing and eating the grass as a food source. 
Thomas: I think it said something about the fire ants helping the grass to regrow. (Trying to 
remember what the video they saw about the horned lizard mentioned.) 
Ms. Delaney: I don’t remember that.  
Victor: The horned lizard eats spiders. 
Ms. Delaney: So you said the horned lizard also eats spiders but the spider is something that fire 
ants eat,  
Victor: No, spiders eat insects. 
Ms. Delaney: Spiders main food is insects. OK you are thinking beyond this model, if we have a 
model for spiders… 
Victor: Spiders eats insects, and that’s what the horned lizard eats.  
Ms. Delaney: OK you are talking of the competition that is not even in the model. 
Alice: The harvest ants and the fire ants eat grass, there is a problem because there is not 
enough grass, the harvest ants are defenseless, but the fire ants eat insects. If the 
harvest ants become extinct it will be a problem for the horned lizard.  
Ms. Delaney: Did you say something was defenseless. 
Alice: Harvest ants. 
After these students shared their thoughts, others want to participate. One of the students again 
mentions spiders: 
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Jason: Like Philip said, fire ants eat grass and that’s what harvest ants eat. Since fire ants 
are eating grass there is less for the harvest ants, then the harvest ants die and it 
will be less for the lizard. They will not have enough food to survive. And spiders 
eat insects like fire ants. 
Ms. Delaney: Hold on, hold on, I don’t want to talk about spiders, because the fundamental thing 
this model is showing is not about spiders. I value your intelligence and thoughts 
and your insight, but this is not about spiders. This is really about the competition 
for food sources.  
(Animal Science unit, Year 3, Day 9) 
Throughout the class discussion I observed opportunities to discuss the purpose of 
models as well as key components of models. In this case Ms. Delaney decided to avoid 
students’ explanations related to spiders/fire ants relationships by focusing on the invasive 
species (fire ants) and the horned lizard population. She did not explain how the purpose of the 
model and the explanation focused on these two species and not others, missing some 
opportunities to develop on metamodeling understanding and PCK. 
 
 “How to Teach What I Cannot Fully Understand?” The Recurrent Idea of Modeling and 
Predicting  
This section describes some of the modeling practices and activities Ms. Delaney did not 
include in her practices at the same level as other modeling strategies. One example was the idea 
of using models as predicting tools. However, some activities in which the students used models 
to predict were initiated in the Astronomy unit in the second and third years of MoDeLS. Ms. 
Delaney contended that this was a concept she was still trying to understand, and she was not 
sure of its inclusion in her practice. 
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The following discussion provides an example of Ms. Delaney’s thought process related 
to predicting as a modeling tool. The discussion was initiated by presenting the scheme that 
includes the four main scientific modeling practices (constructing, using, evaluating, and revising 
models) and how they relate to each other (Nelson et al., 2008):  
Elizabeth: Which of these modeling strategies do you think you used least and why? 
Ms. Delaney: Well I was just thinking as you listed those, probably predicting. […] I think 
maybe in my growth as a teacher using models, I don’t quite understood fully the 
use of model as a predictor, like collecting data, I get that, you can predict what 
the next data point will be but besides that one example, I’m at a loss to 
understand that concept. So, to me, […] predicting will be my weakest.  
Elizabeth: You said you still don’t know how to use models for predicting. Is that why you 
didn’t use it in your practice, right? (Ms. Delaney: Yes) From my perspective, 
looking in the videos, we have some examples in the third year where you sort of 
start using models … (Ms. Delaney: Mmm, yes!) 
Ms. Delaney: I remember that, I remember that! Because we were talking, I was talking to you, 
and you will say something like: “How do you think you can use predicting 
tomorrow with that?” Oh yeah! Predicting  
… 
But I hope I answered the question, predicting will be my weakest.  
I can do it on a basic level, on the obvious level like what if there are too many 
rabbits in the forest, what will happen to the grass, that kind of predicting to me is 
basic and I cannot think of a way to make it more of a challenge or complex type of 
predicting in the food chain, food web. And then apply that to space I don’t know 
how to predict anything in space with the position of the sun and the sky, you 
know. 
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Elizabeth: There was one example, you were using these examples and pictures of the moon, 
to predict what will happen next. Yes, there was a basic level, but you were doing 
that 
Ms. Delaney: Yes, yes I did that, the moon phases… 
(Post-study Interview 2) 
There are no instances where Ms. Delaney talked about predicting and modeling during 
the first year of MoDeLS. In the second year of the project, she moved include some tentative 
instances where she talked about models and that models can be used to predict. However, no 
concrete examples were included of asking students to use models to predict. For example in the 
Astronomy unit, students went outside and observed the position of the sun in the sky at different 
times of the day. After they came back from the second observation for that day Ms. Delaney 
asked students to predict, based on their model, what will be the position of the sun at 6 PM (see 
Figure 10.) 
Using models for predicting a phenomenon is more developed during the third year of 
MoDeLS. For example, students constructed a model to show the moon phases. They observed 
the moon each night and as a whole class constructed the model. Ms. Delaney used the model in 
several instances to talk about what the next moon phase will look like to break through students’ 
misconceptions about the length of the moon cycle, among others. In the following practice, Ms. 
Delaney asked students to predict how the moon would look that night based on the information 
they already collected.  
Ms. Delaney: Who can help Tom? (The teacher asked Tom to paste a crescent moon on the board 
but he hesitated and didn’t know which direction to glue this moon although there 
was a previous moon on the board.) The teacher asked other students to help him 
figure it out. Also, she asks why it was that direction.  
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Did I hear other predictions? 
Students discuss why the moon is pasted in that direction 
In another instance, using the same model she said: 
Remember? We used this (pointing at the model they started on the board with two moons) model 
to predict how it will look tonight? 
Students discuss how the moon would look. 
  In some of our meetings Ms. Delaney asked how to include predicting as a part of 
modeling in her teaching, “to show her how prediction will look like in modeling.” However, 
two concerns arose: I was not confident enough in my examples for her to try to include them in 
her practice, and she did not feel confident enough to attempt them.  
 
Summary 
 When faced with a new practice teachers have a set of previously experienced ideas to 
draw on. In this case, Ms. Delaney took from her PCK repertories developed before the MoDeLS 
project took place and while teaching the Astronomy unit with a modeling approach. She used all 
these experiences for the Animal Science and Electricity units but, in these units, she began to 
transform this PCK to focus on specifics of the subject matter. However, there were complex 
interactions among learning new CK, new PCK sets from other units, and previously 
experienced PCK on the specific topic that played an important role in how Ms. Delaney was 
able to transform these PCK components into her own and within the proposed approach. New 
specific issues emerged when translating successful PCK examples from one science topic to 
another (i.e. from Astronomy to Electricity). Although the development of modeling and PCK 
might be considered a domain-specific topic, there were topic-specific aspects of each subject 
matter that served as a framework for teaching modeling and that should be considered.  
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Within these practices there were some elements that were easily acknowledged and tried 
in the practice, while others were not reflected upon or included in the teaching. Whether some 
PCK elements were more or less included depended not only on the teacher’s CK, the teacher’s 
conception of learning and her confidence, but also on the quality of the examples provided and 
the professional development support, as well as students’ activities and learning situations. 
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Chapter 8: 
Final Thoughts and Summary 
I was interested in understanding how an elementary teacher’s knowledge of modeling 
and her PCK around the teaching of modeling evolved by identifying some of the challenges a 
teacher faced when incorporating the modeling concepts in her classroom practices. How a 
teacher developed new subject- matter knowledge, how her perspectives about models changed, 
and what features of the task promoted the teacher’s knowledge development are answered in the 
following sections.  
 
How Did an Elementary Teacher Develop and Reconstruct Her PCK and CK as She 
Engaged in Modeling Practices?  
The findings from the analysis of the interviews with the teacher and observations of her 
classroom practices show the following: Ms. Delaney developed new CK around models and 
modeling throughout the three years she was involved in the project; she adapted some of the 
MoDeLS strategies and adopted them in her curriculum, thus shaping and adding to her PCK 
repertoire. However, metamodeling knowledge, one of the priorities of the MoDeLS project, was 
not consistently integrated into the classroom activities.  
The results suggest that when new concepts are proposed, there is a certain amount of 
time taken to assimilate them so that they become part of the teacher’s CK, and for new PCK to 
develop. This process is completed more quickly in subject areas the teacher feels more 
confident about and/or those areas that were already taught using strategies that are close to the 
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strategies being proposed. For example, for Ms. Delaney astronomy felt “easier” for modeling, 
that it “fit better” in this unit than in the Animal Science unit.
8
  
 
What Aspects of Models Were Incorporated in the Teacher’s Practices?  
The teacher taught some models and modeling practices, but not all of the modeling and 
metamodeling concepts suggested in MoDeLS. For example, the predicting aspects of models 
were not included in Ms. Delaney’s lessons. The first modeling strategy she developed related to 
the conceptual understanding that models have limitations, later other aspects of models are 
considered and incorporated in the practice. For example, the conceptual understanding of 
multiple models was translated into practice during the third year of the project. Both aspects 
were linked to the understanding of purpose of models and the idea that models change through 
time. 
I found that there is a learning progression in the teacher’s CK and CK–PCK that is 
content-specific. The levels of understanding and PCK development were different for each 
science unit taught. The results are consistent with other findings (van Driel & Verloop, 2002; 
Henze, van Driel, & Verloop, 2008). It seems that knowledge related to models as a scientific 
content was developed first by Ms. Delaney, while aspects of models related to scientific 
processes were included in the practice later (see Table 3). These findings add to the complexity 
of studying PCK development.  
                                                        
8
 Due to her work context, Ms. Delaney was required to teach science units based on the District’s 
curriculum within fixed time frames; the support from MoDeLS was less intense than with other in-service teachers. 
Most of the professional development centered on the introductory material called “MoDeLS front-matter,” focusing 
on examples of modeling ideas. Ms. Delaney’s context is not uncommon to other teachers: other types of educative 
materials, for example, showing how traditional materials might be changed to a modeling perspective, could be 
developed.  
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What Modeling Practices Suggested by the MoDeLS Project were Developed?  
Ms. Delaney integrated into her practice those modeling strategies that made sense to her 
from the contextual, pedagogical, and CK standpoints. Models as a tool for inquiry were 
considered. The strategies of using, constructing, evaluating, and revising models were present 
and improved with time; however Ms. Delaney’s understanding metamodeling as a set of 
concepts and a practice was underdeveloped over the three years of the project. Modeling 
strategies were included in Mc. Delaney’s practice when she felt confident in her understanding 
of model. This observation links her practice of modeling to her sense of efficacy. 
There were some modeling ideas Ms. Delaney regarded as more difficult to understand. 
For example, the idea of using models for predicting was not easy for her to acquire and use. 
Although she tried in several instances and units to include aspects of predicting, she did not 
think predicting was related to the general ideas of modeling activities. For example, aspects of 
predicting were mentioned within activities such as the construction of moon phases, in which 
Ms. Delaney asked students to “predict what is the next phase, based on the data that they have.” 
Within the Light unit, students predicted where a shadow would be, based on a light’s location; 
in the Astronomy unit students predicted the movement of the sun based on observations at 
different times during the day.  
 
PCK Features Developed and Reconstructed: Aspects of the Teacher’s Practices  
Ms. Delaney’s PCK growth depended on several factors, such as development of her CK, 
discussion of teaching objectives and activities, and analysis of classroom practices. It seems that 
professional development activities were key for this development and the advancement of her 
PCK. 
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Two path of modeling and PCK growth were observed.  
(1) Initial development of PCK is triggered by the implementation of new teaching 
strategies (model construction and revision).  The strategies are validated in the 
practice (connected to the teacher’s understanding of students’ learning and 
misconceptions.  This leads to refining the initial strategies used.  The result is 
PCK development.  
(2) PCK development is related to the advancement in CK understanding. The path for 
this development can be expressed as following: New understanding of models and 
modeling (CK) is developed.  New teaching strategies are developed/new 
assessment strategies are develop These new understandings are tried in practice. 
 The result is PCK growth  
The results showed evidence of different variables intervening in the development of 
PCK; the development of CK is linked to development of different PCK components. It is 
acknowledged that PCK is a topic-specific construct (Gess-Newsome & Carlson; 2013). 
However, when concepts new to teachers, such as models and modeling are proposed, teachers 
need support in generating PCK around scientific modeling and PCK around topic-specific 
aspects. Developing CK both in topic-specific forms and in forms related to modeling is 
fundamental to variations in PCK. The narratives presented in Chapters 6 and 7 exemplified how 
CK changes in modeling are very much linked to the ability to recognize new teaching and 
assessment strategies, thereby helping to change the way science and modeling content was 
turned into a practice.  
In addition, it seems that two major student-level variables contributed to the 
development of Ms. Delaney’s PCK and her motivation to try other strategies in the classroom: 
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1) students’ responses to activities (affect, motivation, engagement, etc.); and 2) her 
understanding of students’ misconceptions.
9
 The influence of students’ questioning in the 
development of PCK has been discussed in previous research. Thus, Park and Oliver (2008) 
characterized “knowledge-in-action” as the factor influencing PCK growth. In this respect, it is 
up to the teacher to seize these challenging opportunities and transform them in teachable 
moments while applying all the necessary components of PCK through an instructional response 
fitted to the selected teaching approach.  
PCK development also requires the teacher to constantly monitor her practice and to not 
only recognize challenging situations but turn them into a teaching approach consistent with the 
curricular reform. It is the teacher who has the ultimate decision whether to respond or not 
respond to the unexpected situation. Moreover, turning these challenges into opportunities to 
develop PCK can be related to CK components and linked to affective factors, what Park and 
Oliver (2008) called the “teacher efficacy” variable.  
The CK component; CK–PCK connections. I cannot separate the development of 
conceptual understanding and PCK. Ms. Delaney’s conceptual understanding began with the 
project. As her CK evolved, so also her practices changed. Some initial changes in the lessons 
were observed in the first year of her participation in the project. These changes were in units 
that she felt comfortable with (from a conceptual perspective) and that they were labeled as 
“easy to fit models in them.”  
Beyond simply learning new concepts of models and modeling and implementing them 
as a separate domain in her classroom, Ms. Delaney was able to make connections between areas 
of scientific content (Astronomy, Animal Science, and Electricity) and modeling. However, on 
                                                        
9 . Other studies are starting to focus on these aspects and their findings are consistent with what I discuss 
here (van Driel & Verloop; 2002). 
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some occasions, the interplay of <CK–modeling, CK–topic/subject matter and PCK> was not 
clear to the teacher and went unresolved in the practice. These situations were presented as 
challenges and are summarized in the next section. 
When new understanding and PCK was developed the process was cyclical: it took time 
to acquire and improve in the practice. Most of the modeling understanding proposed in the 
MoDeLS project started to unfold during the second and third year of the grant. This new 
conceptual knowledge was translated into changes in lessons and activities. In addition, the 
changes in activities provided Ms. Delaney with grounds to think of modeling in a different way. 
She described this cyclical process as “The more I bought into that, the more I did it in practice.”  
On several occasions, the practices were rearranged to fit modeling and the new proposed 
activities in a better way. Sometimes this was planned beforehand, but at other times it occurred 
in the process of teaching. While Ms. Delaney felt uncomfortable with these rearrangements at 
the beginning, she became more accustomed to them and did not let them hinder her from trying 
modeling in the classroom.  
Overall, Ms. Delaney believed that learning the content was imperative and came before 
applying those ideas in the practice. This became part of her learning cycle. Though it seems that 
there was a time separation between learning the concepts and learning from the practice, it was 
difficult to identify it as such. But when Ms. Delaney began to integrate the “new” content 
knowledge, her classroom activities changed and/or other activities were integrated in her 
lessons. And the more Ms. Delaney saw what students accomplished, the more she wanted to 
keep going with the project.  
Knowledge of students and their understanding of science. Ms. Delaney used her 
knowledge of her students to adopt and make changes in the modeling activities proposed in the 
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MoDeLS protocols. She often paid attention to her students’ backgrounds, individual stories, 
personal goals and affective aspects as well as her students’ knowledge and misconceptions 
decide whether some activities needed to be modified or omitted because students were not 
conceptually ready for them. Ms. Delaney talked about bringing current science to her students 
and that her goal for the activities was to develop higher-order thinking skills. However, in this 
case most of the knowledge of students’ understanding Ms. Delaney had and used focused on 
science CK. It seems that for the short period she was engaged in this program, she did not 
develop a grasp of her students’ understanding in modeling. This might be an area to focus on in 
the future for aiding PCK development in models and modeling.  
Knowledge of science curriculum/MoDeLS. It seems that knowledge of the science 
curricula and the goals of MoDeLS allowed Ms. Delaney to reorganize her practices and 
managed her classroom in a way that left room for trying new strategies and as such developing 
new PCK.  
Knowledge of assessments of modeling and science learning. The process of 
evaluating models was included from the beginning. Aspects related to comparing models were 
frequently used. The first activity that included a comparison between models was in the 
Astronomy unit when Ms. Delaney asked her students to compare and contrast two moon phases 
models. This was one of the first strategies transferred to other content domain. In the next unit, 
Animal Science, Ms. Delaney found two models, a food web and a food pyramid, and asked her 
students to compare these models describing advantages and limitations of each of them. She 
believed these processes provided students with opportunities to develop higher-order thinking 
skills.  
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Other aspects of model evaluation were related to the criteria for revising and changing 
models. Decisions to improve a model were usually requested by her, and not spontaneously 
offered by students. Ms. Delaney viewed students’ progress and learning in how well they 
justified changes in their models and explained the evolution of their thought processes. Her 
intended goal for asking students to revise their models was to increase details and clarity as a 
way to enhance the explanatory power of models. The explicit attention to the purpose of a 
model was to explain and communicate a phenomenon. The notion that the model should fit the 
phenomenon by explaining their mechanisms and how the phenomenon worked was developed 
in the units over time. Models and modeling were also used as formative assessment tools in the 
Astronomy and Electricity units. This use of models and modeling for formative assessment 
changed from a more traditional to an inquiry approach during the third year in the project. 
These findings suggested that formative assessment is a category of PCK that Ms. Delaney 
considered only when other PCK categories were more developed. 
Knowledge of instructional strategies for teaching science and modeling. The 
MoDeLS project supported teachers in developing strategies for models and modeling in several 
ways. Examples of scientific activities that used models were suggested and provided during our 
meetings. Ms. Delaney embraced some and applied them into her practices, while others were 
developed by herself. In the interviews, she acknowledged that the MoDeLS activities helped her 
develop the content understanding that she integrated in her science practices.  
 
Challenges in Modeling Practices and PCK 
One aspect of models Ms. Delaney could not understand was the predicting power of 
models and how that is incorporated in modeling. She was not able to integrate this aspect of 
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modeling in the practice. This finding suggests that weak understanding of CK hinders PCK 
growth.  
The other challenge she faced was related to the interplay between CK/PCK 
understanding of models and modeling and CK/PCK disciplinary and topic-specific 
understanding. The project included PCK suggestions and examples for models and modeling in 
different subject areas; this interplay between modeling/metamodeling/subject-area 
understanding and the intricacies related to the nature of models and modeling use in each 
scientific discipline was not considered as part of the professional development designed for this 
teacher. Ms. Delaney was able to solve some of these issues in the Animal Science unit. In the 
Electricity unit she became aware of the problem, but she did not have sufficient PCK tools for 
her to overcome the problem.  
Though there is still discussion on how much of PCK is topic-, subject-, and/or 
disciplinary-specific (Gess-Newsome & Carlson, 2013), the current science Standards include 
scientific modeling as a teaching strategy necessary for understanding science (NRC, 2012; 
2013). To follow this guidelines teachers will have to integrate modeling in their PCK along with 
developing PCK for different scientific disciplines. The narratives and challenging situations 
evidenced in Ms. Delaney’s practice merit consideration when looking for recommendations 
about how to acknowledge and develop these issues within professional development 
opportunities that will support teachers.  
 
Factors that Influenced the Teacher’s PCK Development 
 One factor that influenced the teacher’s PCK development was CK and her confidence in 
teaching a concept. The next factor I observed was the students’ responses to the activities. 
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Another factor that might have influenced her learning and PCK growth was professional 
development. For example, Ms. Delaney valued the professional development strategies used as 
part of her CK and PCK development. During the first interview she mentioned:  
So, to me, that whole period when you and me were talking about every single unit and going 
deeper in each activity and models, was educational for me in deciding how I was going to take 
the model and deciding how I was going to teach that concept. And that thinking time and having 
two people talking about it was helpful to anchor in me the ideas. (Post-study Interview 1. 
It seems one-on-one professional development might help a teacher better understand the 
content, its challenges, the goals of the proposed reform, and aid in the teacher’s reflection on the 
practice. However, the details of how professional development geared to the needs of individual 
teachers should be achieved and how this type of professional development can help in PCK 
growth require more study.  
 
Conclusion 
The results of this study demonstrate that the development of PCK is a complex process, 
and even more so when it is associated with the development of new CK as well. PCK does not 
grow in a linear manner.
10
  
Ms. Delaney agreed that aspects of CK were important for changing how she teaches: 
what does not make sense to her conceptually, she cannot teach to students. But  her views and 
evaluation of the practice also reflected a commitment to students’ learning more rather than a 
commitment to the analysis of scientific content or metamodeling. The structure presented in the 
MoDeLS’ activities made sense to her from the pedagogical and PCK perspectives. This made 
                                                        
10 A similar conclusion can be found in other studies about science teachers’ PCK development (e.g. van Driel 
& Verloop; 1999; 2002; van Driel, Verloop, & de Vos; 1998). This is acknowledged as well in models of PCK 
development (Loughran, Mulhall, & Berry; 2004; Park & Oliver; 2008). 
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the inclusion of modeling into a classroom practice easier, though the metamodeling knowledge 
was not consistently developed through the years.  
I found that the findings in Ms. Delaney’s classroom are related to Sherin’s (2002) 
descriptions of “reform” and how teachers negotiate “reforms.” Thus Sherin (2002) describes 
how, in the light of a reform, some teachers develop new content knowledge and change their 
practices at the same time. She described these changes as cyclical. The development of new CK 
allows these teachers to adapt and change known practices. The modification of classroom 
practices generates new pedagogical and PCK routines that also enhance the  new understanding 
of the domain. Sherin (2002) described these as “pieces of subject-matter knowledge and 
pedagogical content knowledge that are accessed together repeatedly during instruction [and] 
become connected” (p. 124). 
All major PCK features were developed as Ms. Delaney integrated the modeling 
approach into her practice. Instrumental in shaping how Ms. Delaney’s PCK grew were her 
advancement in CK comprehension and students’ responses to the proposed activities. The 
findings are consistent with the idea that PCK is complex and deeply interconnected (Magnusson 
et al., 1999). I agree with Park and Oliver (2008) that one way for building PCK is through 
careful reflection on the practice. Given the complex interactions between models and science 
CK and PCK that was generated over time, I revised my initial model (see Figure 3) representing 
how Ms. Delaney intertwined CK and PCK advancements throughout the years and used the 
results as evidence to suggest a new model of the categories related to PCK enhancement that 
considers the teacher’s science knowledge and the new knowledge proposed in the novel 
curricula.  
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Model of PCK Development 
The revised model of PCK development (see figure 16) situates “teacher’s efficacy” 
within the components of PCK; the interaction between “teacher’s efficacy” and the 
development of any PCK category is stronger than suggested in figure 3. Locating teachers’ 
efficacy within a cycle that is linked to other PCK categories suggests that increasing efficacy is 
as important as increasing knowledge for the overall development of PCK.
11
  
The model stills points to a strong connection in CK and PCK development and growth. 
Thus, although CK is not a component of PCK, it is crucial for PCK growth, and as such part of 
the model. Teachers may develop PCK as a result of developing new content understanding, 
reflecting on this new information and trying it in the practice. This is just one path for PCK 
growth. Understanding of new CK (in this case modeling) can provide new perspectives on 
science curriculum, which expands knowledge of instructional strategies. Increasing science 
knowledge might also positively influence teachers' motivations and confidence in teaching 
science and trying new approaches in the practice.  
Increasing CK might lead to growth in knowledge of students’ understanding. 
Acknowledging students’ affective components might also influence the development of all 
other PCK features. By understanding new materials’ approach and/or by enhancing the type and 
amount of instructional strategies selected, teachers’ can redefine the practice that might lead to 
PCK growth.  
PCK develops because of an affective component (teacher’s efficacy) and interactions 
and developments within and between each PCK category. As a result PCK is moved to the 
center in this Figure 16. The dimension of PCK as enactment is highlighted by connecting PCK 
                                                        
11 Although some research suggests that teacher efficacy is part of teacher knowledge (Park & Oliver, 2008), 
this issue goes beyond the scope of this study and I did not considered this a knowledge component. 
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with practice. “Successful” refers to enactments that are successfully performed. This is in 
relation of what the teacher’s perceptions: PCK development occurs when PCK is validated and 
successfully performed in the practice. A loop is introduced in the model. If a practice is 
successful, new PCK is developed and or previous PCK is modified and adapted. Experimenting, 
trying new strategies and modifying them in the practice are essential activities for enhancing 
and/or developing new PCK. When all these activities are successful in the practice, PCK 
develops and the new PCK is integrated in the teachers’ repertoire while previous PCK might be 
redesigned. The development of new PCK may stimulate trying more and different strategies and 
practices approaches, thus helping to further restructure or extend current PCK. On the other 
hand, when activities are not successful from the perspective of the teacher or she does not feel 
comfortable with the enactments,  
This revised model adds practice as an important feature and context for PCK 
development and emphasizes the affective component of teachers. Of course, this model of PCK 
development based on Ms. Delaney’s growth path in her PCK around modeling. This is not a 
model of PCK, and certainly it is not a prescription for teaching. But there are some important 
conceptual aspects that can be useful for future research and teacher’s professional development. 
Teachers develop PCK by integrating components and enacting them in the practice. This 
implies the particular context where enactment occurs should be taken in consideration. 
Development of any PCK component might trigger PCK growth. Changes in practice facilitate 
the growth in PCK that in turn might change practice. 
 
Limitations of the Study 
Needless to say, this study has limitations. As described in the literature review, PCK is 
individual to every teacher—and Ms. Delaney is unique in her classroom context and teaching 
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characteristics. However, I do not expect there to be many differences between Ms. Delaney and 
other teachers who decide to embrace a new curriculum.  
Other issues that limit this research are the interaction of PCK components not 
considered in the study. A deeper understanding of the interactions between Ms. Delaney’s 
science content knowledge and modeling content knowledge were not considered in the 
interviews. How these interactions aid or hinder PCK evolution according to the teacher’s views 
on the nature of science might merit a study on its own.  
Through the years I became a participant observant and I interacted with Ms. Delaney 
beyond the classroom context. From this close connection with the teacher and students, the 
context might be perceived as a limitation. From a narrative standpoint, this familiarity to the 
practice provided me an opportunity for perceiving and appreciating the particularities of this 
teacher and her classroom.  
 
Future Steps 
Finally, the results of this study raised further questions to be answered that might help 
further the understanding of how experienced teachers develop PCK. Future research in the area 
of adoption and adaption of new curriculum materials and PCK could include investigations 
extending the current study to focus on how PCK developed in one area or topic is transferred to 
other subject areas and shaped to enhance these topics’ PCK strategies. Additionally, knowing 
the importance of students’ input in a teacher’s PCK growth and more comprehensive long-term 
studies on how to capitalize and develop reflection in action and students’ input in PCK 
development are imperative.  
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Chapter 9: 
Tables and Figures 
Table 1.  
Researchers’ conceptualization of PCK and models of PCK. Table designed by Lee and Luft (2008) 
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Table 2. 
Data sources collected by year during the project enactment.  
Data source Year Quantity Hours Purpose 
Videotapes of 
classroom 
observations 
1 
2 
3 
64 
64 
64 
64 
64 
43 
To observe and record classroom enactments for the 4 science units 
Interviews 
1 
2 
3 
post 
2 
4 
3 
5 
1.5 
3.5 
2 
4.3 
To reflect on classroom activities, to plan and discuss modeling practices to 
integrate in the science units 
 
To reflect on targeted modeling practices and talk about modeling and PCK 
components identified from previous classroom observation analysis 
Professional 
Development 
materials 
1 
2 
3 
1 
2 
1 
1 
2 
12 
To introduce and explicate models and modeling. The front matter paper was 
used. 
To present examples of modeling from Ms. Delaney practices, to reflect on 
modeling, modeling strategies used in previous years, and strategies suggested 
in MoDeLS and not used in her classroom 
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Table 3. 
Categories of analysis and codes for CK on modeling. 
Understanding 
of science 
Models have purpose Models have limitations Models change 
As knowledge  
0. There is no consideration of the 
models’ goals. 
1. Models communicate and illustrate 
scientific understanding.  
 
 
2. They explain understanding to 
others (help clarify thinking and 
persuade others of own ideas). 
 
 
3. They summarize and organize 
patterns and behavior of 
phenomenon. 
4. They predict behavior of 
phenomenon.  
0. There is no awareness of models’ 
limitations. 
1. Models are a simplified 
representation of phenomenon and 
systems that cannot be observed or 
manipulated otherwise.  
2. Models do not include all 
elements/process observed in a 
phenomenon. Elements/processes 
are selected according to the 
model’s purpose. 
3. Multiple models that explain a 
phenomenon coexist. 
0. There is no attention on what and 
why models change. 
1. Models change when new 
understanding of the phenomenon 
emerged. (Scientific information is 
provided.)  
2. They change when new 
understanding is generated (data is 
generated/collected).  
As process 
0. Models are used but there is no 
consideration on the reasons for 
using them. 
1. Models are constructed by using 
key components of a phenomenon 
selected by others Understanding 
of the goal of building/using the 
model is considered.  
 
 
2. They are constructed or selected 
based on the user/researcher’s 
objective (communicating, 
organizing data, etc.). They are 
0. Models are not analyzed. 
 
 
1. Models are analyzed based on 
personal feelings (like, dislike.) 
 
 
 
 
 
2. They are analyzed by the 
presence/absence of 
components/process. 
 
0. Models are not revised. 
 
 
1. Models are revised for internal 
consistencies. Learners try to 
modify models to improve its 
accuracy and its utility in 
illustrating/ explaining. (No 
comparisons with other models or 
the phenomenon are made.) 
2. They are revised based on new 
information (scientific evidence or 
data) or other models provided.  
 
Table 3. Cont. 
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constructed by a process of 
selection/elimination of elements 
and relationships related to the 
phenomenon. 
3. It is understood why some 
components and relations are not 
present in the model. 
 
 
 
 
3. Models are analyzed based on the 
presence/absence of components 
and relationships among 
components. 
 
 
 
 
3. Models are revised and tests are 
taken to identify where the models 
might fail the data or the models’ 
objectives.  
4. Models are revised looking to align 
with other models and to fit within 
models encompassing them  
Table 4. Cont. 
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Table 4. 
PCK categories and growth for each PCK component analyzed.  
Models and 
modeling 
knowledge 
Knowledge of MoDeLS 
curriculum  
Knowledge of students’ 
understanding of models 
and metamodeling 
Knowledge of instructional 
strategies for teaching with 
models  
Knowledge of assessment 
of modeling learning  
Models have 
purpose 
1. Models and modeling are 
part of core concepts and 
activities to teach.  
2. There are different 
modeling strategies used 
according to the 
modeling purpose.  
 
 
 
3. Modeling strategies can 
be used at different times 
and in different order.  
 
 
1. Students’ difficulties with 
modeling are not 
considered. 
2. Students’ difficulties in 
modeling are 
acknowledged but there 
are no scaffolding 
strategies. 
 
 
3. Students’ difficulties in 
modeling are 
acknowledged and 
different scaffolding 
strategies are considered. 
1. Models the modeling 
practices. 
 
2. Uses different modeling 
strategies (using, 
constructing, evaluating, 
revising) with different 
phenomenon and at 
different times of the 
teaching process.  
3. Explains the rational for 
using and applying 
different modeling 
practices.  
4. Encourages students to 
present, explain, and 
discuss the purpose of 
models and modeling.  
 
1. There is no assessment for 
the purpose of modeling 
 
2. Proposes and discusses 
with students the use of 
criteria for constructing 
and evaluating models 
(accuracy, completeness, 
clarity) 
 
3. Asks students to explain 
and communicate the 
purpose of the models they 
use/construct. 
4. Assesses students’ 
understanding of the 
purpose of models by 
asking them to select 
appropriate elements to 
construct their models. 
5. Assesses students’ 
understanding of the 
purpose of models by 
asking them to select 
between different models 
and the one that most 
accurately represents the 
phenomenon/process 
Table 4. Cont. 
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Models and 
modeling 
knowledge 
Knowledge of MoDeLS 
curriculum  
Knowledge of students’ 
understanding of models 
and metamodeling 
Knowledge of instructional 
strategies for teaching with 
models  
Knowledge of assessment 
of modeling learning  
modeled. 
Models have 
limitations 
1. Models and modeling 
strategies used are 
selected based on 
weaknesses and strengths 
of the model and the core 
concept that the model 
explains.  
2. A same model can be 
used in a range of topics. 
 
 
 
3. Several models can 
explain the same 
phenomenon. 
1. Students’ difficulties for 
understanding models’ 
limitations are not 
considered.  
 
 
 
2. Acknowledges students 
might not understand why 
models have limitations. 
There are no scaffolding 
strategies. 
3. Different scaffolding 
strategies are considered 
to help students 
understand models have 
limitations. 
1 Provides components for 
creating models. 
 
 
 
 
 
2 Asks students to select 
components to construct 
their models. 
 
 
3 Asks students to explain 
the limitations of their 
models. 
 
 
 
1. There is no assessment for 
the understanding of the 
concept of models’ 
limitations. 
 
 
 
2. Asks students to explain 
the limitations of their 
models. 
 
 
3. Encourages students to 
analyze their models 
strengths and limitations in 
comparison to other 
models/real phenomenon 
Models 
change 
1. Models change when 
new scientific 
information is presented. 
 
 
 
2. Models change when 
data is collected. 
 
 
 
 
1. Students’ difficulties for 
changing models are not 
considered.  
 
 
 
2. Acknowledge students 
might not know how to 
revise and change their 
models or the rational for 
this modeling activity. 
There are no scaffolding 
1. Provides students with 
new evidence/scientific 
information and allows 
them opportunities to 
revise/change their model 
based on this new data. 
2. Encourages students to 
explain what and how 
their models change by 
comparing with their 
previous models/new 
models. 
1. There is no assessment for 
the understanding of the 
concept of models change 
 
 
 
2. Asks students to explain 
how their/others models 
change. Provides students 
with new 
evidence/scientific 
information and allows 
Table 4. Cont. 
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Models and 
modeling 
knowledge 
Knowledge of MoDeLS 
curriculum  
Knowledge of students’ 
understanding of models 
and metamodeling 
Knowledge of instructional 
strategies for teaching with 
models  
Knowledge of assessment 
of modeling learning  
 
 
 
3. Different elements and 
processes of the model 
can be changed 
(deleted/added).  
 
strategies. 
 
 
3. Different scaffolding 
strategies are considered 
to help students analyze 
theirs and others’ models. 
 
 
 
3. Asks students to test their 
ideas and explain how that 
might help revise/change 
their models. 
4. Allows students to look 
for appropriate evidence to 
test their models. 
them opportunities to 
revise/change their model 
based on this new data. 
3. Asks students to test their 
ideas and explain how that 
might help revise/change 
their models. 
4. Encourages students to 
explain what and how their 
models change by 
comparing with their 
previous models 
Table 5. Cont. 
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Table 5. 
Video clips selected for episode #1: “Models have a purpose and models are evaluated by comparing 
them with other models,” presented in post-study interviews 1 and 2.  
Modeling topic Clips selected Example of interview questions 
Models are 
constructed and 
used with a purpose 
(Models are used to 
communicate 
understanding) 
Clips 1 and 2. (From the astronomy unit, 
years 1 and 3) Causes of the seasons: These 
clips exemplified how Ms. Delaney used a 
model to probe for content understanding 
and explanations. During the first clip, she 
used the causes-of-the-seasons models to 
assess students’ understanding of the 
content. During one-on-one and small-group 
conversations with students, Ms. Delaney 
probed for understanding about the content. 
In this case, the models were used as a 
pedagogical tool to conduct this assessment. 
In the third year, Ms. Delaney assessed 
students’ content knowledge and modeling 
knowledge as well by asking students to 
select a model (from several models 
provided) to talk about the seasons. Specific 
questions related to the model and the 
preferred choice were asked. For example: 
“Why did you choose this model?” “Does it 
have advantages?” “Does it have 
disadvantages?” 
What did you expect your 
students to learn about 
modeling from the activity?  
Why do you think this activity 
was important to learn this (Her 
answer based on previous 
question) about models? 
Models are 
evaluated by 
comparing them 
with other models 
(models change, 
limitations, multiple 
representations) 
Clips 1 and 2. (from Animal Science years 2 
and 3) forest food web and food pyramid 
comparison: In these examples the students 
are asked to compare two models, a food 
web and a food pyramid. They analyzed the 
models by describing their limitations and 
advantages. The same lesson was taught the 
second and third years of the project in the 
Animal Science unit. Ms. Delaney asked 
students to discuss the limitations of each 
model and in some instances to describe how 
the models can be used to predict. The idea 
of using the models to predict is abandoned 
after a brief example is provided, and the 
lesson focused on the description of the 
models’ limitations.  
From your perspective, what 
modeling practices do you 
integrate in this activity? Do 
you think that this activity was 
a successful practice? Why? Do 
you think that your teaching 
about modeling changed from 
year 2 to year 3, in what 
aspects, how (if not, why not?) 
Clip 3. (From the Electricity unit, year 3) 
Switches and parallel circuits. In this case, 
the whole class analyzed and compared the 
models two students created to include 
switches in a parallel circuit. Ms. Delaney 
From your perspective, what 
modeling practices do you 
integrate in this activity? Do 
you think that this activity was 
similar/different to the activity 
Table 5. Cont. 
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Modeling topic Clips selected Example of interview questions 
asked students to talk about the differences 
and similarities between these models.  
 
presented in the previous clip? 
Why? Do you think that your 
teaching about modeling 
changed in year 3, compared to 
previous years, how (if not, 
why not?) 
Table 6. Cont. 
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Table 6. 
Professional development activities from year 3.  
Science unit Model construction Model use Model revision/ evaluation 
Astronomy: 
Causes of 
the seasons 
Draw a model showing 
what causes seasons  
 
 
 
 
 
 
 
 
 
Use Styrofoam balls to 
explain how the 2D model 
works  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Does your model explain 
day and night? What 
should you add/change to 
your model to show day 
and night? (Explain 
purpose of the model) 
Revise your model based on 
new data to show what 
causes the seasons. 
(Students revise their 
models and include more 
elements in their models to 
explain what causes the 
seasons) 
 
Explain that the globe is 
divided in hemispheres and 
introduce new data: When 
is summer in North 
America and Winter in 
South America.  
 
Introduce a new concept 
(tilt of the earth) and data: 
(when direct rays hit a 
surface, the temperature is 
higher that when the rays 
are slanted) (Measure this 
with globe and temperature 
probe or with a light source 
and temperature probes) 
 
Based on new information: 
How does your model 
explain seasons? If it does 
not, revise it? 
 
Astronomy:  
Causes of 
the seasons: 
shadows 
 
Construct a model showing 
where your shadow will be 
at different times of the day 
in different seasons 
 
 
 
 
Explain why your shadow 
length changes at different 
times in the day and in 
different seasons 
 
Use your model and make 
a prediction where the 
shadow will be at different 
times in the day. Collect 
 
 
 
 
 
Revise your model based on 
data collected 
 
 
Table 6. Cont. 
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Science unit Model construction Model use Model revision/ evaluation 
data for a day. 
 
Use the globe to explain 
shadows during different 
seasons 
 
 
 
Revise your model based on 
new data. The model 
should explain how the 
shadows change during a 
day and during different 
seasons (Model doesn’t 
need to be a drawing) 
Astronomy: 
Moon 
phases 
Students observe the moon 
for a month. They use the 
data to construct a model 
that explains the different 
phases of the moon.  
 
Discuss what elements 
should be included in a 
model to show seasons, 
moon phases and earth 
rotation. Construct a kinetic 
model.  
 
 
 
 
 
 
Present 2 models, 
(different point of views) 
talk about how different 
models are used to explain 
the same concept. 
Evaluate the models based 
on data collected and 
conceptual knowledge:  
 
 
 
Does the model include all 
the elements? (Sun) 
Does the model represent 
the moon cycle? (Time)  
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Figure 1. Jeremy’s model of series circuit with a switch. 
 
 
Figure 2. Shaida’s model of series circuit with a switch. 
Bulb 1 
Bulb 2 
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Figure 3. Components of PCK in science, models, and modeling. Modified from Park and Oliver’s model (2008) and Davis (2008). * 
Content Knowledge, it is not a component of PCK. 
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Figure 4. Example of a science classroom practice describing how the modeling strategy of revising 
can be incorporated. From the “front matter” paper in Nelson et al (2008).  
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Figure 5. Example of PCK analysis. 
 
 
 
 
Analysis( Data(Sources(
What(does(the(teacher(do(in(her(practice?(What/how(modeling(practices(
are(integrated?(
!
Year(1:((
1)!During!a!class!while!teaching!Astronomy,!Ms.!Delaney!asked!students!to!
give!examples!of!models!they!used!and!what!they!learned!from!them!
!
Year(2:((
1)!While!teaching!Animal!Science,!Ms.!Delaney!asked!students!to!give!some!
examples!describing!what!we!use!models!for!!
 
2) Ms. Delaney played a video a video modeling “moon phases.” The video 
presented two models. The second time she showed her students the same video, 
she asked students to analyze what they watched and to focus their analysis on the 
moon model from the outer-space view. They stopped the video several times and 
then compared the two models, analyzing the similarities and differences of each 
model. At the end of the class, students drew their own models in their journals and 
explained with a sentence what they had learned and/or were surprised about. Ms. 
Delaney asked them to: 
Go to a clean page, the heading will be “Moon phase–idea model” and in 
brackets I want you to put: “From an outer space view.” You remember 
from the video, the scientists have two different models, three actually. 
They have a model like our earth with the tilt, the sun, the earth, and the 
moon. Then they have a giant model of the same thing, giant sun, giant 
moon, and the guy climb on this pillow representing the earth… And then 
they have that little side insert of the outer-space model. So that is what 
you are going to draw in here. If I remember correctly the sun was right 
here, and the earth here, and then it shows the four stages, so what you 
need is a sun… in your drawing you need a sun, an earth, four moons, and 
if you are able, put labels. And you need to put a [description of the 
model]. 
In a later enactment, students watched the video a third time. This time Ms. 
Delaney asked her students to recreate the models using Styrofoam balls 
and then to draw their models in their journals. 
!
Observations!
VideoDtranscripts!
PCK(components/(CK(
Year(1:!PCK:!“knowledge!of!MoDeLS!curriculum”,!level!1;!CK:!Models!as!
content;!models!are!tools!for!communicating!understanding!
Year(2:((
1) PCK:!“knowledge!of!MoDeLS!curriculum”,!L1;!CK:!Models!as!process;!
models!are!tools!for!communicating!understanding!(L1).!Models!have!
purpose.!
2) PCK:!“knowledge!of!instructional!strategies!for!teaching!with!models,”!
L1.!
Models!are!analyzed!and!compared!based!on!their!components;!
(models!have!purpose).!Models!are!constructed!based!on!information!
presented!(draw!a!model,!construct!a!physical!model)!!
!
!
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Why(does(the(teacher(do(what(she(does?/Reflections(about(the(practice(
!
Year!1:!!
1)!Elizabeth:!So!there!was!one!day!that!you!were!discussing!about!models,!
how!do!you!think!that!can!be!integrated!in!what!they!are!doing!now?!Was!
something!that!might!be,!that!you!might!want!to!integrate!
Ms.!Delaney:!I!need!to!have!them!not!only!using!models!but!to!think!about!the!
value!of!them!
!
Year!2:!
2)!Last Wednesday I was using that Newton’s video that you gave me. And 
it was the third time that I saw the moon phases, the two views [models] of 
the moon phases. On October 24
th
 I did the moon view from outer space, 
and the kids, after they watched the video, were, “Oh!! It’s lit all the time, 
half is lit all the time.” So then, I let that sit for a few days, a weekend. 
Then I came back to it last Wednesday and I called it “Moon phases from 
the earth view.” I wanted a time gap between these two lessons. And so, the 
day that I combined the two models, I had a quick pace that day; I showed 
the video; I… I did a little talking about what the lesson was going to be 
about and then I showed the video and then I gave them the Styrofoam 
balls. So, I told them what I want them to do, I want them to show; I want 
them to experiment with the earth and the moon. I have yellow playground 
balls and a big earth Styrofoam ball and a moon on a stick. So I wanted 
them just to talk in their groups and try to create these moon phases. That 
is what I said. So … and I went around these six groups and I noticed they 
were making eclipses, everybody, all over the room. Eclipse, eclipse, 
eclipse. So, I took their hands and I said this is an eclipse; the moon is 
[rotating in] kind of a wobble, but not parallel to the earth. So, I told each 
group individually, so they say “Oh!!” And that turned out to be a gist, the 
big learning point of the day.  
!
Observations!
InDstudy/PostD
study!interviews!
PCK(components/CK(
Year(1:!1)!CK!models!as!a!process.!Models!have!purpose!
!
Year(2:!2)!PCK:!“knowledge!of!instructional!strategies!for!teaching!with!
models,”!L1;!“Knowledge!of!students!understanding!of!models”!L2D3;!CK:!
models!have!a!purpose.!!
!
!
Figure 5. Cont. 
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Figure 6. Examples of models of a forest food web and prairie food pyramid 
presented by the teacher to a small group of students for comparison. 
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Figure 7. Diagram of a forest food web model similar to the model the teacher and students analyzed. 
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Figure 8. Diagram of a prairie food pyramid model similar to the model the 
teacher and students analyzed. 
 
 
 
Figure 9. Food web model of an invasive species, fire ants, and a native 
species, horned lizard, constructed as a whole-class activity.  
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Figure 10. Reproduction of one student’s drawing with the position of the sun in the sky observed 
at three times and with the prediction of where the sun will be at 6 pm.  
 
 
 
Figure 11. Model constructed by the teacher with a heat lamp, a globe, and sticks positioned at 
different latitudes on the globe to measure direction and length of shadows during different seasons. 
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Figure 12. Model constructed by the teacher 
showing meridians, degrees, and the tilt of the 
earth 
 
 
 
Figure 13. Drawing of moon phases observed by students at different times.  
 
 
 
Figure 14. Example of a model used to explain 
seasons. 
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Figure 15. Different models used for teaching Astronomy (year 3): 1) Styrofoam balls, 2) trace of slanted 
rays on a paper, 3) heat lamp and globe with sticks positioned at different latitudes, 4) heat lamp and 
globe with temperature probes positioned at the Northern and Southern hemisphere. 
!
!
!
1  2
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Figure 16. Model of possible paths of PCK development and 
connections to PCK components.* Content Knowledge, it is not a 
component of PCK. 
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